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 (LQOHLW m Q  $XIJDEHQVWHOOXQJ
 1DWUOLFK  3RUSK\ULQV\VWHPH
3RUSK\UL  VLQ  L  1DWX  ZHLWYHUEUHLWHW  3LJPHQW  XQ  ]lKO  ] j ZLFK
WLJVW  6WRII  L  OHEHQGH a LRORJLVF  6\VWHPHQ    ¡ ¢ £ ,K  1DP  ZLU  Y ¤¥¦
JULHFKLVF  :RU § SRUSK\U ¨ © SXUSX  DEJHOHLWH § XQ  LV § HL  %H]HLFKQXQ  I 
6WRIIH ª GL « L  SXUSXU  )lUEXQ  DXIZHLVHQ ª RGH  I  VROFKH ª GL  PL § GLHV ﬂ
6WRII  L  9HUELQG   VWHKHQ ¬ $OO  3RUSK\UL  ZHLV ­ L  JHPHLQVDPH 
*UXQGN|USHU ª 3RUSKL j HQDQQW ª DXI ª GH  DX ® YLH  3\UUROULQJH a VWHK §¯ª GL  EH 
HL  .RKOHQVWRIIHLQKHL § PLWHLQDQGH  YHUEUFN § VL ° VRPL § HLQH  YLHU]lKQL
JHQ ª PDNUR]\NOLVF  &KHODWOLJDQGH ± LOG  $EE ¬  ¬ 'LHVH ® 5LQJV\VWH ¦ LVW
V ¤² VWlQGLJ ª GD ³ 3RUSK\UL  L ¦ LQWHUVWHOODU  5DX ¦ VSHNWURVNRSLVF l¨ FKJH
ZLHV  ZHU  N|QQHQ  ´ £ $XF a¨® (UG|O a¤ gOVFKLHIHUQ ª VR]XVDJ  DX ®
HKHPDO ® OHEHQ µ¤ UJDQLVF  6XEVWDQ]HQ ª N|Q  3RUSK\ULQ  L  )RU ¦ YR 
1LFNHO  9DQDGLXPNRPSOH[  LVROLHU § ZHUGHQ ª ZD ® PLWXQWH  ]X  +HUNXQIWVEH
VWLPPXQ  Y ¤ 5RK| ¶ KHUDQJH]RJ  ZLUG ¬ 'XUF  +\GULHUXQ  HLQH  'RSSHOELQ
GXQ  HUKlO § P ¨l¨® 'LK\GURSRUSK\ULQ ª &KORUL  JHQDQQ § $EE ¬  ¬ 'XUF 
IRUPHOOH  $XVWDXVF o LQH  0HWKLQEUFN p UF o L p LUHNW  &&%LQGXQ  ]ZHLH 
3\UURO5LQJ · ZHLWHU  +\GULHUXQ  GH  3\UURO&$WRP  JHODQJ § P ¨ ]X ¦
&RUULQJHUV §¯ª GD ® QX  QRF ¥ L ¸¨ FLGH ® 3URWR ¸ WKlOW ¬ 'L  JHQDQQW  7HWUDS\U
URO/LJ ¨p¹ UQHKPH  L o 1DWXU ª LQGH ¦ VL p¨ﬂ¦ 5LQ  XQWHUVFKLHGOLF  IXQN
WLRQDOLVLHU § VLQG ª ]DKOUHLF  $XIJDEHQ ª Y ¤ GHQH l L  ZLFKWLJVW  L ¦ IROJHQGH 
HUOlXWHUWZHUGHQ    ¡ ¢ £
$EE ¬  º 3RUSKLQ&KORUL  'LK\GURSRUSK\ULQ » &RUULQ
0HWDOONRPSOH[  PL § GLHV  7HWUDS\UURO/LJDQGH  VSLHO °¨ O ® .DWDO\VDWRU  L 





















VFKXQ ¾ LV Â HV Ã DQKDQ ÁÄÁÅÆ 3RUSK\ULQFKHPL ÅÄÁ L Å WHLOZHLV ÅÇ¿À YHUVWlQGOLFKH Ã RIW
VHK Æ NRPSOL]LHUW Å )XQNWLRQVZHLV Å­ÁÅÆ 1DWX Æ ] ¿ XQWHUVXFKHQ ÈÉÊÀËÁÅÀ OHW]WH À
-DKU]HKQWH ÀÍÌÎÂ GL Å &KHPL Å·ÁÅÆ 0HWDOOSRUSK\ULQDW ÅÐÏÅÑ GH Æ (QWZLFNOXQ ¾ GH Æ
NRPSOL]LHUW ÅÀ½Ò HEHQVYRUJlQJ Å LPPH Æ JU|HU Å %HGHXWXQ ¾ HUODQJ Â¯Ã V Ó±ÁÎ-Ô VLF Ì
VHL Â FD È  ÕµÅ L À«ÀÅ XH Ö 7HLOJHELH Â GH Æ ELRDQRUJDQLVFKH À &KHPL Å HQWZLFNHOWH È
'LHV Å ]XQHKPHQ ÁÅ %HGHXWXQ ¾ VSLHJHO Â VLF Ì ]X × HLQH À L À GH Æ VWHWL ¾ VWHLJHQG ÅﬂÀ
=DK Ø Y ÓÀ 9HU|IIHQWOLFKXQJ ÅÀ ZLGH Æ DO Ö DXF Ì L ÀpÁÅÆ 9HUOHLKXQ ¾ GH Ö 1REHOSUHLVH Ö
 ÙlÎÀ - È 'HLVHQKRIH Æ I Æ GL Å 6WUXNWXUDXINOlUXQ ¾ GH Ö SKRWRV\QWKHWLVFKH À 5H
DNWLRQV]HQWUXPV Ú Û Ü GH Ö 3XUSXUEDNWHULXP Ö 5KRGRSVHXGRPRQD Ö YLULGLV È 'L Å
*UXQGODJ ÅÀpÁÎ ] ¿ ZXU ÁÅÀ¥ÏÅ UHLW Ö PL Â G ÅÀ $UEHLW ÅÀ Y ÓÀ 5 È 0 È :LOOVWlWWH ÆﬁÝ 1REHO
SUHL Ö  Þ EH Æ &KORURSK\ Ø Øß¿ÀÁ Y ÓÀ + È )LVFKH Æ>Ý 1REHOSUHL Ö  Þ EH Æ GL Å
6WUXNWX Æ GH Ö %OXW XQ Á %ODWWIDUEVWRII Ö VRZL ÅÍàÏÅÆ GL Å 6\QWKHV ÅáÁ H Ö +lPLQV Ú â Ü
1REHOSUHL Ö  Þ JHOHJ ÂãÈ %HVRQGHU Ö*Ö HL Â G ÅﬂÀ )RUVFKXQJVHUJHEQLVV ÅÀ Y ÓÀ 'HL
VHQKRIH Æ H[LVWLHU ÅÀ GHWDLOOLHUWHU Å 9RUVWHOOXQJ ÅÀäàÏÅÆ $U Â X ÀÁ $QRUGQXQ ¾ GH Æ
)XQNWLRQVHLQKHLW ÅÀ L À>ÁÅÀ NRPSOL]LHUW ÅÀ 3UR]HDEOlXIH ÀÁÅÆ 3KRWRV\QWKHVHEH Ñ
GH Æ :DVVH Æ XQ Á &2 å PL Â +LOI Å Y ÓÀ 6RQQHQOLFK Â L À HQHUJLHUHLFKHU Å 6XEVWDQ]HQ
.RKOHQK\GUDWH Ã XPJHZDQGHO Â ZHUGHQ È 'DEH Ñ NRPP Â GH × &KORURSK\OO Ã HLQH ×
IXQNWLRQDOLVLHUWH À 0DJQHVLXPFKORULQNRPSOH[ Ã GH Æ I Æ GH À JUQH À %ODWWIDUEVWRII
YHUDQWZRUWOLF Ì LVWHL ÀÅ*ÅÀ WVFKHLGHQG Å 5ROO Å ] ¿ $EE
$EE È &KORURSK\ Ø ØÏ D Þ XQ Á +l × (LVHQ,,3URWRSRUSK\ULQ,; ÞÝ E
'H Æ 3UR]H Ô GH Æ SIODQ]OLF ÌÅÀ (QHUJLHJHZLQQXQ ¾ XQ Á GL Å MlKUOLFK Å 6SHLFKHUXQ ¾
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WLVF õaö OOH ÷ /HEH óqöﬂòMø GH ù (UGH ú 'H ù XPJHNHKUW û 3UR]H ü GL û $XVQXW]XQ ñ E]Z
GH ù 9HUEUDXF õoô LHVH ù JHVSHLFKHUWH ó (QHUJL ûôò UF õ 5HGXNWLR ó Y ýó 6DXHUVWRI ø ] ò
:DVVH ù EH þ GH ù WLHULVF õûó $WPXQJ ü ZLU ô²ûß HQIDOO ÷ GXUF õ 3RUSK\ULQNRPSOH[ û L ó
GH ù &\WRFKURPF2[LGDV û NDWDO\VLHU  ãú &\WRFKURP û JHK|UH ó ] òlôûù *UXSS û²ôûù
+lPSURWHLQ û XQ ôjô LHQ ûó GH  (OHNWURQHQWUDQVIH ù L ó GH ù $WPXQJVNHWWH ü ZlKUHQ ô
GH ù 3KRWRV\QWKHV û±ò Q ô±ßûþ DQGHUH ó NRPSOH[ ûóqß LRORJLVF õûó 5HGR[UHDNWLRQHQ
:HLWHU û +lPSURWHL óû VL óôjô L û .DWDODVH ó XQ ô 3HUR[LGDVHQ ü GL û EHL  $EED òjòó ô
GH ù 9HUZHUWXQ ñ GH ÷ ZHLIDF õ UHGX]LHUW ûó 'LVDXHUVWRII ÷ NDWDO\WLVF õû )XQNWLRQH ó
EHUQHKPHQ ü RGH ù GD ÷ &\WRFKUR  3 ü GD ÷ DX ÷ 6DXHUVWRø ø X óô UHODWL  LQHUWH ó
6XEVWUDW ûó±ý [\JHQLHUW û 3URGXNW û û U]HXJ  ãú 'L û 0HKU]DK  GH ù +lPSURWHLQ û ûó W
KlO   HL ó (LVHQSRUSK\ULQ ü HL ó +lP ü GD ÷ DO ÷ SURVWHWKLVF õû *UXS  û L ó ZHLWHUH ó
+lPSURWHLQH ó ZL û ] ú % ú GH  +lPRJOREL ó X óôµô H  0\RJOREL ó I ù ôûó 6DXHU
VWRIIWUDQVSRU   E]Z ú GL û 6DXHUVWRIIVSHLFKHUX ó ñ ]XVWlQGL ñ LV  ãú 'D ÷ +lP ü HL ó (L
VHQ,,3URWRSRUSK\ULQ,; ü LV   L ó $EE ú  E  JH]HLJ  ãú :HLWHU ûÇßû NDQQW û·ß LROR
JLVF õ ZLFKWLJ û 7HWUDS\UUROPDNUR]\NO ûó VL óô L ó¸ôûó &REDODPLQ ûó HQWKDOWHQ ü ZL û
]% ú L óoôû I ù G ûó 0HQVFKH ó OHEHQVQRWZHQGLJ ûó 9LWDPL ó % 	
 úÊó GLHVH  LV   HL ó
&RUUL ópûó WKDOWHQ ü GD ÷ DX ÷ HLQH  WHLONRQMXJLHUW ûó 3RUSK\ULQV\VWH  EHVWHK   $EE
 ú (L ó .REDOW,,,,RQ ü GD ÷ Y ýóaû LQH  &RUUL ó NRPSOH[LHU   LV   X ó ô HLQH  D[LD 
JHEXQGHQH óµý UJDQLVFKH ó 5HV   EHVLW]  ¯ü ZLUN   XQWH ù SK\VLRORJLVF õûó %HGLQJXQ
J ûóö O ÷÷ HOHNWLYHU .DWDO\VDWR ù EH þ PHKUHU ûó 5HDNWLR óûó ]X ù %LOGXQ ñ¥òóô ,VRPH
ULVLHUXQ ñ Y ýó .RKOHQZDVVHUVWRII)UDJPHQWHQ
0HWDOONRPSOH[ û Y ýó 7HWUDS\UURO ûó N|QQH ó ZHJ ûó LKU ûó XQWHUVFKLHGOLFKH ó (L
JHQVFKDIWHQ ü )XQNWLRQ ûó ò Q ô LKUH  5HDNWLRQVYHUP|J ûó I ù WHFKQLVF õû òó ô
PHGL]LQLVFK û $XIJDEH ó EHVRQGHU ÷ L ó ZlULJ ûó 6\VWHP ûó YLHOIlOWL ñ HLQJHVHW]W
ZHUGHQ$XIGLHV û ZLU ô L  IROJHQGH ó .DSLWH  DXVIKUOLFKH ù HLJHJDQJHQ
 6\QWKHWLVFK  3RUSK\ULQV\VWHP  XQ  LKU  $QZHQGXQJ
, ójß LRORJLVFKH ó 6\VWHPH ó ZLU ôjû L óûjöò VUHLFKHQ ôû :DVVHUO|VOLFKNHL   GH ù OLSRSKL
O ûó 3RUSK\UL óû PHLV   GXUF õ (LQODJHUXQ ñ L ó½û L óûÄõ \GUDWLVLHUW û 3URWHLQPDWUL  HU
UHLFK  ãú ' öqô LH ÷ EH þ V\QWKHWLVFK ûó 3RUSK\ULQH ó¥û KH ù VFKZLHUL ñ LV  ¯ü YHUVXFK   P öﬂó
EH þ GH ù 0RGHOOLHUXQ ñ ZDVVHUO|VOLFKH ù 6\VWHPH ü GXUF õ (LQIKUXQ ñ K\GURSKLOH ù
*UXSSH ó L óËôûù 3RUSK\ULQSHULSKHUL û­û LQ û DXVUHLFKHQ ôû :DVVHUO|VOLFKNHL   ] ò
(LQOHLWXQ  $XIJDEHQVWHOOXQJ

HU]HXJHQ  'XUF  $XVZDK  GH ﬀ 3RUSK\ULQOLJDQG ﬁﬂﬃ (LQED  YHUVFKLHGHQH ﬀ
=HQWUDOPHWDOOH  JHJHEHQHQIDOO  PL ! $[LDO/LJDQGHQ  HU|IIQH ! VLF  HL ﬁ JUR ﬁ
3URGXNWSDOHWWH  PL ! GH ﬀ (LJHQVFKDIW ﬁ X  )XQNWLRQ ﬁ YR "# WUOLF ﬁ 6\VWH
PH  VLPXOLHUWZHU ﬃﬁ N|QQHQ
7HWUDDU\OSRUSK\UL ﬁ 6FKHP #   .DSLWH    GL ﬁ$ UF  .RQGHQVDWLRQVUHDNWL
RQH %# DURPDWLVFK ﬁ $OGHK\ ﬃﬁ&ﬃ 3\UUR 'HLFK ! ]XJlQJOLF  VLQG ( ) *  ]  %
7HWUDSKHQ\OSRUSK\UL   XQ  7HWUDWRO\OSRUSK\UL    ODVVH  VLF + UF  6XEVWLWXWL
RQH  Y , :DVVHUVWRIIDWRPH - XUF  SRODU ﬁ RGH ﬀ DQLRQLVFKH ( . * E]Z  NDWLRQLVFKH ( / *
IXQNWLRQDOLVLHUW ﬁ *UXSS ﬁ L  ZDVVHUO|VOLF ﬁ 3RUSK\ULQV\VWHP ﬁ10 EHUIKUHQ ( 2 * 9 ,3
3RUSK\ULQHQ  GL ﬁ L  G ﬁ 3\UURO3RVLWLRQH  GH  3RUSKLQ*UXQGN|USHU  $EE
 4 VXEVWLWXLHU ! VLQG  ZL ﬁ ]  %  2FWDHWK\OSRUSK\UL    VL 5ﬃﬃﬀ ZHQLJ ﬁ ZDVVHU
O|VOLF ﬁ 6\VWHP ﬁ76ﬁ NDQQW ( 8:9 * 'XUF  6XOIRQLHUXQ  Y , 7HWUDSKHQ\OSRUSK\UL  
HUKlO ! P #;ﬁ L <0ﬃ6ﬁﬀ HL ﬁ>= +%HUHLF  Y ,%?  @ﬃ@ VHKU JX ! O|VOLFKH  7HWUDNLV
VXOIRQDWRSKHQ\OSRUSK\UL   6FKHP #  BADC *HJHQVDW E GD]  VL " UF 
(LQIKUXQ  HLQH ﬀ &DUER[\ODWJU ﬃ=ﬃ=ﬁ IXQNWLRQDOLVLHUW ﬁ 3RUSK\ULQ ﬁ QX ﬀ HLQJH
VFKUlQN ! L C DONDOLVFKH  0LOL ﬁ O|VOLFK  =  GH F6ﬁ NDQQWHVWHQ NDWLRQLVF ﬁ 3RU
SK\UL ﬁ JHK|UH  L ﬁ GXUF  $ON\OLHUXQ  GH  7HWUDNLVS\ULG\OSKHQ\OSRUSK\ULQ  
GDUVWHOOEDUH  7HWUDNLV>1DON\OS\ULGLQLR@SRUSK\ULQH  GL ﬁ MHGRF Gﬁ6 HQIDOO  HL
ﬁ VFKOHFKWHU ﬁ /|VOLFKNHL ! DO   L  :DVVH ﬀ DXIZHLVHQ  1HXHVW ﬁ (UJHEQLVV ﬁH0 EH ﬀ
ZDVVHUO|VOLF ﬁ 3RUSK\UL ﬁ ILQG ﬁ VLF  L  HLQH C hEHUVLFKWVDUWLNH  Y , 3
+DPEULJKWL  Ä7K ﬁ 3RUSK\UL  +DQGERRN³ ( 8I8 *
:DVVHUO|VOLFK ﬁ 3RUSK\ULQNRPSOH[ ﬁ VL  *HJHQVW # LQWHQVLYH ﬀ )RUVFKXQJHQ
Y ,ﬃﬁ Q ﬁJﬁ LQLJ ﬁH# ZHQGXQJVEH]RJ ﬁﬁ (UJHEQLVV ﬁ QDFKIROJHQ  NXU E HUOlXWHU !
ZHUGHQ
 7HFKQLVFK K $QZHQGXQJHQ
(L  JURH  ,QWHUHVV ﬁ JLO ! GH ﬀ 9HUZHQGXQ  ZDVVHUO|VOLFKH ﬀ 3RUSK\UL ﬁ+# O  .DWD
O\VDWRU ﬁ I ﬀ 2[LGDWLRQVUHDNWLRQHQ  'L ﬁ (SR[LGLHUXQ  Y , $ON ﬁﬁ RGH ﬀ GL ﬁ +\
GUR[\OLHUXQ  Y , $ON #ﬁ PL ! :DVVHUVWRIISHUR[LG ( 8L * RGH ﬀ SKRWRNDWDO\WLVF  PL !
PROHNXODUH C 6DXHUVWRII ( 8:M * ZHU ﬃﬁJ# VJLHEL  XQWHUVXFK !N (  ZLU  YHUVXFK !O LRQL
VF ﬁ 3RUSK\UL ﬁ%#%ﬃ O|VOLF ﬁ 7UlJHUPDWHULDOL ﬁ ]X ﬀ +HUVWHOOXQ  KHWHURJHQH ﬀ
.DWDO\VDWRUH  ] P6 LQGHQ
(LQOHLWXQ QRST $XIJDEHQVWHOOXQJ

,RQLVFK U 1HW] U DXV :DVVHUREHUIOlFKH S ZXUGH S DX W NDWLRQLVFK U3S XQ T DQLRQL
VF XUS 7HWUDDU\OSRUSK\UL SUS KHUJHVWHOO YOZ X [ VL U$\ O W 0RGHOOVXEVWDQ] US I ] ELROR
JLVF XU 0HPEUDQH S ] RPRﬃS WHUVXFKHQ ^ _a` b
(L SU $QZHQGXQ Q ZDVVHUO|VOLFKH ] /DQWKDQRLGSRUSK\UL SUG\ O W 9HUVFKLHEXQJVUHD
JHQ]L US I ] GL U _ +1056SHNWURVNRSL U L S ZlULJ USﬂced VXQJH S ZXU TﬃUfT LVNX
WLHUW ^ _:g b =X [ JOHLFKH S =ZH hi ZXU TﬃUS OLSRSKLO U *HUPDQLXPSRUSK\UL SU XQWHU
VXFKW ^ _j b
=DKOUHLF XUH\ QDO\WLVF XU $QZHQGXQJ US ZDVVHUO|VOLFKH ] 3RUSK\UL SU VL ST EHNDQQW
4XDQWLWDWLY U %HVWLPPXQJ US Y kS hEHUJDQJVPHWDOO USHTR UF X .RPSOH[ELOGXQ Q PL Y
ZDVVHUO|VOLF XUS 3RUSK\ULQOLJ \STﬃUS ZHU TﬃUS GXUFKJHIKUW ^ _:l b %HVWLPPXQJ USmTﬃU]
DEVROXW US .RQILJXUDWL kS EHVWLPPWH ] .RKOHQK\GUDW U DQKD ST YR S :HFKVHOZLU
NXQJ US Y kS =XFNHUPROHNO US PL Y 7HWUDNLVERURQDWRSKHQ\OSRUSK\ULQ ^ _:n b RGH ]
8QWHUVFKHLGXQJH S ]ZLVFKH S YHUVFKLHGHQ US *OXNRVHSKRVSKDWH SGT XUFK VSH]LIL
VF XU $GXNWELOGXQ Q PL Y HLQH [o[ RQRIXQNWLRQDOLVLHUW US %RURQDWRSRUSK\ULQ ^ _:p b VL ST
EHNDQQW
(UZlKQHQVZHU Y LV Y GD W HUVW U IXQNWLRQDOLVLHUW U 0HWDOOSRUSK\ULQ0ROHNXODUVLHE
GD W GXUF X VHLQ U$X \GURSKR qUS1\ O W DXF XmX \GURSKLOH S (LJHQVFKDIW U3S IRUPVHOHNWL r
0ROHNO U HLQVFKOLHH S NDQQ ^ sut b $XF XvT L U 0|JOLFKNHL YOZ GLHVH W RUJDQLVF XU =HR
OLWKDQDORJR S5\ O W IRUPVHOHNWLY US .DWDO\VDWR ] ] R YHUZHQGHQ Z ZLU T GHU]HL Y XQWHU
VXFKW
:HJ US LKUH ] VWDUN US $JJUHJDWL kS L S ZlULJH ] /|VXQ Q HLJQH S VLF X YR ] DOOH [ XQ
WHUVFKLHGOLF X JHODGH SeU 3RUSK\ULQV\VWHP Uw\ O W 0RGHOO U ]X ] (UIRUVFKXQ Q Y kS (
OHNWURQHQWUDQVIHU3UR]HVVH S VLHK U .DSLWH x  Z ZL U VL U L [ SKRWRV\QWKHWLVFKH S
5HDNWLRQV]HQWUX [ EH y GH ] OLFKWLQGX]LHUW USvc DGXQJVWUHQQXQ Q VWDWWILQGHQ ^ sz_ { sIs b , S
TﬃUS PHLVWH S V\QWKHWLVLHUW US $JJUHJDWHQ Z GL U I ] 8QWHUVXFKXQJ US Y kS (OHNWUR
QHQWUDQVIHU3UR]HVVH S5Q HQXW] Y ZXUGHQ Z VLQ T GL U"U LQ]HOQH S PRQRPHUH S 0ROH
NOHLQKHLW US MHGRF X EH ] NRYDOHQW U %LQGXQJ US ] R VRJHQDQQWH S '\DGHQ Z 7ULD
GHQ Z 7HWUDGH S HWF | PLWHLQDQGH ] YHUNQSIW ^ su} { sN` b ,RQLVFK U $JJUHJDW U VLQ TG\R HU
GH [ DXF X I ] GL U (QWZLFNOXQ Q QHXH ] FKHPLVFKH ] 6RODU]HOO US Y kS ,QWHUHVVH
%H y HLQH ] 0HWKR TﬃU ]X ] 6DXHUVWRIIEHVWLPPX SeQ L S ZlULJ US~ced VXQJ US NRPPH S
HEHQIDOO W 3RUSK\UL SU ]X [ (LQVDW] ^ sug b 'L U VWDUN U 3KRVSKRUHV]HQ  Y kS 3DOODGL
XP Z =LQQ RﬃST <WWULXPNRPSOH[ US GH W 7HWUDNLVVXOIRQDWRSKHQ\OSRUSK\ULQDW W
ZLU T L S *HJHQZDU Y Y kS 6DXHUVWRI V L S $EKlQJLJNHL Y Y kSwTﬃU VVH S .RQ]HQWUDWL k3S
(LQOHLWXQ  $XIJDEHQVWHOOXQJ

PHK  RGH  ZHQLJH  DXVJHO|VFK N 'XUF  )L[LHUXQ  GLHVH  3RUSK\UL v XŁ HLQH 
7UlJHUPDWHULDO  ]  %  HLQH  $OXPLQLXPSODWWH  N|QQ  6DXHUVWRIIVHQVRU  NRQ
VWUXLHU  ZHUGHQ  I  6  ZXU ﬃ ]  %  6WU|PXQJVXQWHUVXFKXQJ  L  )OXJ]HXJ 
GXUFKJHIKU N -  |KH  GH  6WU|PXQJVZLGHUVWDQG  DOV  M  KH  GH  6DXHUVWRII
GUX  DXIGL  ] ﬃ WHUVXFKH ﬃ )OlFKH  ]  %  HL  7UDJIOlFKH  LV O X  V  VWlUNH 
ZLU P L  3KRVSKRUHV]HQ  DXVJHO|VFKWVLHKH .DSLWH   XQ  
 0HGL]LQLVFK  $QZHQGXQJHQ
=DKOUHLF  $QZHQGXQJ  ILQG  ZDVVHUO|VOLF  3RUSK\UL  L  %HUHLF  GH  PH
GL]LQLVF  &KHPLH  'L  WUOLFKH 1 GH  V\QWKHWLVF  'HULYDW  VL  VWDU  JH
IlUEWH  IOXRUHV]LHUHQG  9HUELQGXQJ + Q  L  DOOJHPHL  JXW  6HQVLELOLVDWRUH 
I  GL  %LOGXQ  Y  6LQJXOHWWVDXHUVWRII  GH  L  YHUVFKLHGHQH  3UR]HVV  JHQXW]W
ZLUG  'LHV  3RUSK\ULQV\VWHP  ]lKO  ]  WZ 1  m KRWRG\QDPLVF  DNWLYHQ  DO 
3KRWRVHQVLELOLVDWRUHQ ZLUNHQGH  6XEVWDQ]HQ  GL  L ﬃ /DJ  VLQG  GXUF 
(LQIOX   Y v¡ LFK  7ULSOHWW L  6LQJXOHWWVDXHUVWRI Ł XP]XZDQGHOQ  =  LKQH  JHK|
U  ZHLWHUKL  VRZRK  3KDUPDN  ZL  $QWLELRWLND  3KHQRWKLD]L % Q  6XOIDPLG 
DO  DXF  SRO\]\NOLVFK  $URPDWH v Q  &DUFLQRJHQH  'L  DO  SKRWRG\QDPLVFKH 
(IIHN  EH]HLFKQHW  $XVZLUNXQ  HUNHQQ  P 3 GHXWOLF  D  ]ZH ¢ %HLVSLHO  XQVH
UH  QlKHU  8PZHO N 6  OHLGH  :HLGHWLHUH  LQVEHVRQGHU  $OELQRV  GL  UHJHOPl
L  %XFKZHL] Hﬃﬃ -RKDQQLVNUDX  L  LKUH  1DKUXQ  DXIJHQRPPH  DEHQ  D 
+DXWOlVLRQHQ GL  GXUF  ]  VWDUN  6RQQHQHLQVWUDKOXQ  HQWVWHKH Gﬃ ]  W|GOL
F  +DXWHUNUDQNXQJHQ  GH  /LFKWWRG  IKUH  N|QQHQ  $XF  3RUSK\ULH.UDQN 
OHL ﬃv VROFK  +DXWOlVLRQHQ  8QWH  3RUSK\ULH  u£  YHUVWHK  P G L  .UDQN
KHL O GL H UF  HLQ  6W|UXQ  GH  +lP%LRV\QWKHV H QWVWHK  XQ  PL  HLQH  hEHU
SURGXNWL  X  YHUPHKUWH  $XVVFKHLGXQ  Y  3RUSK\UL  LQKHUJHKW'XUF  ] 
VWDUN ¤¡ LFKWHLQIOX   N|QQ > JHUHLFKHUW  3RUSK\UL ﬂ H > LHV  +DXWHU
NUDQNXQJ 1 F  ]  QHXURORJLVF  $XVIlOOH  ZL G¡e¥ PXQJHQ  *HIKOVVW|UXQ
J ¦ﬃ  %HZXWVHLQVVW|UXQJ  IKUHQ  'D  $XIWUHQ  Y  YHUVFKLHGHQH 
3RUSK\ULQV\VWHP  L  +DU  N ﬃ PL  +LOI  Y  +3/&8QWHUVXFKXQJ  ]X  'L
DJQRV  JHQXW]WZHUGHQ  u§ 
(L  ZLFKWLJ  9HUZHQGXQ  ZDVVHUO|VOLFKH  3RUSK\UL  VWHK  L  GH  .UHEVWKH
UDSLH  6  ZHU ﬃ 3RUSK\UL  VRZRK J¢  GH  3KRWRG\QDPLVFKH  'LDJQRVWL 
(LQOHLWXQ ¨©ª« $XIJDEHQVWHOOXQJ

3'' ¬ DO ­ DXF ® L ª GH ¯ 3KRWRG\QDPLVF ®°ª 7XPRUWKHUDSL ° 3'7 ¬ HLQJHVHW]W ± ²u³ ´
+LHUEH µ ZLU «H« L ° (LJHQVFKDI ¶ EHVWLPPWH ¯ 3RUSK\ULQV\VWHP °H·© VJHQXW] ¶O¸ VLF ® PLW
KRKH ¯ 6HOHNWLYLWl ¶ D ª 7XPRU]HOO °ª DQ]XODJHUQ ± ¹Iº ´ %H µ GLHV °ª 8QWHUVXFKXQJ °ª
ZXU «ﬃ°Gª°»°ª UDGLRDNWLY °ª <WWHUELXPSRUSK\ULQDWHQ ± ¹½¼ ´ DXF ®H° L ª 0DQJDQNRPSOH ¾
GH ­ 7HWUDNLVVXOIRQDWRSKHQ\OSRUSK\ULQ ­  HLQJHVHW]W ± ¹N² ´ 1HXHVW ° %HULFKW °
LQIRUPLHUH ªF¿ EH ¯ VXSUDPROHNXODU ° 6HQVLELOLVDWRUHQ ¸ L ª$«ﬃ° Q °ª 3RUSK\ULQH ¸ ] À %
GD ­ ]XYR ¯ JHQDQQW ° 3RUSK\UL ª  ¸ GXUF ® $JJUHJDWL ÁªÂ·ªm® \GURSKLO ° &\FORGH[WUL
ª° JHEXQG °ª ZHU «ﬃ°ª©ﬃª« VRPL ¶ EHVVH ¯ GXUF ®+« H ª PHQVFKOLF ®°ª .|USH ¯ WUDQV
SRUWLHU ¶ ZHU «ﬃ°ª N|QQHQ ± ¹I¹ ´ 'XUF ®v« L ° Y Áªv«ﬃ°ª 3RUSK\UL ª°ªv·© VJHKH ª«ﬃ° )OXR
UHV]HQ ÃÄÆÅªﬃª°ªm« L ° $EPHVVXQJ °ªm° LQH ­ 7XPRU ­ I ¯ GL ° IROJ °ª«ﬃ° %HKDQGOXQ ¨
DEJHVFKlW] ¶ ZHU «ﬃ°ª $EE À  À 3DUDPDJQHWLVF ®° 0HWDOOSRUSK\ULQDW ° ZXUGH ª
DXF ®ﬂ· O ­ WXPRUVHOHNWLY ° .RQWUDVWPLWWH Çµ ªf«ﬃ°¯ .HUQVSLQWRPRJUDSKL ° YHUZHQ
GHW ± ¹OÈ ´
, ª GH ¯ 3' É ZLU « YHUVXFK ¶O¸ GXUF ® %HVWUDKOXQ ¨ GH ¯ 3RUSK\ULQH ¸ GL ° L Ê 7XPRUJH
Z °»°w·ª JHUHLFKHU ¶ VLQG ¸ PL ¶ /DVHUOLFK ¶B«ﬃ°ª VHK ¯Ë¯ HDNWLY °ª 6LQJXOHWWVDXHUVWRII ¸
GH ¯ GD ­ 7XPRUJHZ °»° VHOHNWL Ì<Ã HUVW|U ¶O¸ DX ­ 7ULSOHWWVDXHUVWRÍÎÍ ] ©Ï° U]HXJHQ
+LHUEH µÐµ V ¶ 9RUDXVVHW]XQJ ¸ GD Ñ GL ° (QHUJL ° GH ­ DQJHUHJW °ª 3RUSK\ULQ ­ 7
¼
 ¹ 36






$EE À  Ô $QUHJXQ ¨ HLQH ­ 3KRWRVHQVLELOLVDWRU ­ 36 ¬ XQ « )ROJHUHDNWLRQHQ ¸Õ X ªe«
ÉÖ 6LQJXOHWW E]Z7ULSOHWW]XVWDQG,6 ×"Ö ,QWHUV\VWH Ê &URVVLQJ
$X ­ QDWUOLFKH Ê +lPL ª JHZRQQHQ ° 3URGXNWJHPLVFK ° PL ¶ GH Ê 1DPH ª 3KR






















U âàãß Q á DQVFKOLHHQGH ä DONDOLVFKH ä $XIDUEHLWXQ Þ KHUJHVWHOO å ZHU áﬃâà N|QQHQ
ZHU áﬃâà I ä GL â 3' æ ]X ä =HL å HUIROJUHLF çÂâ LQJHVHW] åNè =LH éê V å HV ë GXUF ç JHHLJQHW â
6\QWKHV ââ L àâ LQWUDPROHNXODU â 3RODULWlWVDFKV â I ä HL àâHìâ VVHU â 2ULHQWLHUXQ Þ D à
GH ä =HOO â;ß Q áwâ LQH à EHVVHU âà 7UDQVSRU å GXUF çFá L â =HOOPHPEU íà ] ßFâ U]HXJH à
$EE è 
$EE è  î 2SWLPLHUW â *UXQGVWUXNWX ä HLQH ï LGHDO âà 3KRWRVHQVLELOLVDWRU ï 36 ëÐð<ñ
QLFKWSRODUHOLSRSKLO â *UXSSH ëÆò~ñ SRODUH ë K\GURSKLO â *UXSSH
1HEH à GH ä 9HUZHQGX àeÞ Y óà *DOOLXPSRUSK\ULQHQ ô õIö ÷ VL àá L à GLHVH ø =XVDPPHQ
KDQ Þ DXF ç ]DKOUHLF çâ $UEHLWH àHù EH ä GD ï 7HWUDNLVVXOIRQDWRSKHQ\OSRUSK\UL à 
EHNDQQW ô õNú ÷ (L àâ 9HUNQSIXQ Þ HLQH ïHû LV3ODWLQ)UDJPHQWH ï PL å HLQH ø JHHLJQH
W âà WXPRUVHOHNWLY âàmß Q áGü KRWRG\QDPLVF ç DNWLY âà 3RUSK\UL à VR é é HLQ â V\QHUJHWL
VF çâ :LUNXQ Þ GH ä .RPSRQHQWH àwâ UUHLF çâà%ßﬃàá HL àâ ZDKOORV â 9HUWHLOXQ Þ GH ï
FLV3ODWL à L øfø HQVFKOLF çâà .|USH ä PLWVWDUNH à 1HEHQZLUNXQJ âà YHUPHLGHQ ô õIý ÷
, à<â LQH ä DQGHUH à 7KHUDSLHYDULDQW â ]X ä .UHEVEHNlPSIXQJ ë GH ä 1HXWURQHQHLQ
IDQJ7KHUDSLH ô õIþ ÷ ZHU áﬃâà¦â EHQIDOO ï 3RUSK\ULQ â YHUZHQGHW ô õIß ÷ 'LHV â VL àá íà
&DUERU íàâ JHEXQ áﬃâà<ßﬃàá HUJHE âà VRPL å ERUKDOWLJ â 9HUELQGXQJH à PL å KRKH ä
7XPRUVHOHNWLYLWl åNè 'D ï %RU,VRWR ü PL å GH ä 0DVVHQ]DK é

çí å L ø 9HUJOHLF ç ] ß
DQGHU âà 1XFOL áﬃâàGá L â (LJHQVFKDIW ë å KHUPLVF çâ GK è ODQJVDPH  1HXWURQ âà PLW
KRKH ä :DKUVFKHLQOLFKNHL å HLQ]XIDQJHQ è 'DEH ê VSDOWH å H ïï LF ç L à$â LQH à +HOLXP
ßﬃàá1â LQH à LWKLXP.HUQ ë GL â PL å JURH ä (QHUJL âÂíß VHLQDQGHUIOLHJH à XQ á =HOONHU












:L + L , YRUDQJHJDQJ +-)!+-) .DSLWH . EHVFKULHEHQ / ]HLJ 0 VLF 12+ L )2& URH 3 ,QWHUHVV +
4
) ZDVVHUO|VOLF 1!+-) 3RUSK\ULQV\VWHPHQ 5 *HU 4 *+ L , =XJ +6*+-7 ]XQHKPHQG +)
|NRORJLVF 1!+-) 5HIRUPH ) L ) GH 7 FKHPLVFK +-) ,QGXVWUL + VRZL +ﬂ* H , %HVWUHEHQ / YR )
*+-) VFKZH 7 DE]XEDXHQGHQ / KDORJHQLHUWH )98;: VXQJVPLWWHO ) $EVFKL +* ] '<)!+ K
PHQ / GL + I 7 $UEHLW +-) PL 0 ZDVVHUXQO|VOLFKHQ 3RUSK\UL )!+-) 4 O 3 /|VXQJVPLWWH . HU
IRUGHUOLF 1 VLQG / HUVFKHLQ 0 GL + (QWZLFNOXQ & K\GURSKLOH 7 :LUNVWRII + RGH 7 NDWDO\WL
VFKH 7 9HUELQGXQJHQ / GL + FKHPLVF 1!+ 5HDNWLRQ +-) L , ZlULJ +-) 0HGLX , HUODXEHQ
EHVRQGHU 3 UHL]YROO 5 $XF 1>=!+-? GH 7 6XF 1!+@) 4 F 1 OHLWHQGH ) 0DWHULDOLH )BA GHU &KH
PRWKHUDSHXWLN 4 N|QQH ) ZDVVHUO|VOLF 1!+ 3RUSK\ULQV\VWHP +C=!+ VRQGHU 3 DXIJU ')!*
LKUH 7 RSWLVFKH ) (LJHQVFKDIW +-)D)E W]OLF 1 VHLQ 5 =LH . GLHVH 7 $UEHL 0 ZD 7 H 3 GDKHU
QHX + ZDVVHUO|VOLF 1!+ 3RUSK\ULQNRPSOH[ + PL 0 +DXSWJUXSSHQPHWDOOH ) ] ' V\QWKHWL
VLHUHQY A-) GHQ +-) P 4 ) VLF 1 HLQ + VWDUN + )OXRUHV]HQ FHG HUVSUDFK
'L + :DK . XQWH 7 GH ) 3RUSK\ULQV\VWHP +-) ILH . DXIGD 3 L ) GH 7 /LWHUDWX 7 JX 0 EHNDQQW +
7HWUDNLVVXOIRQDWRSKHQ\OSRUSK\UL )  5 ( 3G HUIJ 0 EH 7 HLQ + VHK 7 JXW + :DVVHU
O|VOLFKNHL 0 L )I+ LQH , JUR +-)KJ +%HUHLF 1 Y A-)ML  5 'LHV + (LJHQVFKDI 0 HUODXE 0 8Q
WHUVXFKXQJ +-) L ) ZlULJ +-)N8;: VXQJ +-)O=!+-? YHUVFKLHGHQH )PJ +:HUWHQ 5 +DXSW
JUXSSHQPHWDOONRPSOH[ +C* LHVH 3 3RUSK\ULQ 3  ZXU *+-) WHLOZHLV + L )Q*+-7 /LWHUDWX 7
HUZlKQ 0 VL +-1!+ .DSLWH .  XQ *  5 -HGRF 1 ZXU *+-) ZHGH 7 DQDO\WLVF 1!+ 'DW +-) QRF 1
6\QWKHVHZHJ +R=!+ VFKULHEHQ / V A GD S GH 7 HQGJOWLJ + %HZHL 3 GH 7 ([LVWHQ F GLHVH 7
9HUELQGXQJ +-) IHKOWH
(L ) ZHLWHUH 3 =LH . GLHVH 7 $UEHL 0 ZDU / HL )!+R' PIDQJUHLF 1!+ hEHUVLFK 0 EH 7 GL + 6\Q
WKHVH ) X )!* (LJHQVFKDIW +-)T* LHVH 7 0HWDOONRPSOH[ + ] ' VFKDIIHQ 5 %HVWLPPW + 0H
WDOONRPSOH[ +U*+-7WVXVXVX5Y/MV9 5 XQ * 9 5 +DXSWJUXS J!+ QlPOLF 1Z* L + .RPSOH[ + DJ
6FKHP 4  [ VROOWH ) QDF 1 JX 0 UHSURGX]LHUEDU +-) 0HWKR *+-)B')!* L ) JURH 7 $XV
EHXW + X )!* 5HLQKHL 0 V\QWKHWLVLHU 0 ZHUGHQ 5 (LQ + XPIDVVHQG + DXVIKUOLF 1!+ &KDUDN
WHULVLHUXQ & VROOW +<*-' UFKJHIKU 0 ZHUGHQ 5 =X 7 9HUYROOVWlQGLJXQ & VROOW +<+ L ) 9HU
JOHLF 1 ] ' +DXSWJUXSSHQPHWDOONRPSOH[ +-)>* H 7 7HWUDSKHQ\OSRUSK\UL )!+ YROO]RJ +-)
ZHUGHQ 5 +LHU] ' PXWH )K* L + HQWVSUHFKHQGH ) 0HWDOONRPSOH[ +2+ EHQIDOO 3I3 \QWKHWL
VLHU 0 ZHUGHQ 5 %H ? GH ) L )2*+-7 /LWHUDWX 7 EHUHLW 3 EHNDQQWH ) .RPSOH[ +-) VROOW +-)* L +
(UJHEQLVV +\*+-7 DQDO\WLVF 1!+-) 'DWHQ / VRZHL 0 VL + YRUKDQGH ) ZDUHQ / YHUJOLFKH )
')!* JHJHEHQHQIDOO 3 GL + 6\QWKHVHZHJ + YHUEHVVHUWZHUGHQ
(LQOHLWXQ ](^$_!` $XIJDEHQVWHOOXQJ

%HVRQGHUH a ,QWHUHVV bD] DO c GH _Cd SWLVFKH _ (LJHQVFKDIWH _C`b-e 0HWDOONRPSOH[H f
6 d VROOWH _g` L b 3RUSK\ULQV\VWHP b PL c +DXSWJUXSSHQPHWDOO b-_Ch O a =HQWUDOLRQHQ
GL b EH e YROOVWlQGL ] PL c (OHNWURQH _ EHVHW]W b(` 2UELWDO b YHUIJHQ i HL _!b KRK b )OX
RUHV]HQ jZj HLJHQ f 'L b $EKlQJLJNHL c GH e )OXRUHV]HQ jZk R l =HQWUDOPHWD m m GH a
3RUSK\ULQDW a>a ROOW b XQWHUVXFK c ZHUGHQ f $XF nDn LH e VWHOOW b VLF n@` L b )UDJ b\_!h F n
HLQH l 9HUJOHLF n GH e )OXRUHV]HQ]DXVEHXWH _ ]ZLVF n!b-_I`b-_ OLSRSKLO b_ XQ ` K\GUR
SKLO b-_ .RPSOH[HQ
(L _ ZHLWHUH a =LH m ZD e HV i GD a $JJUHJDWLRQVYHUKDOWH _o`b-e ZDVVHUO|VOLF n!b-_ 0H
WDOOSRUSK\ULQDWH i LQVEHVRQGHU bp` L b +HWHURDJJUHJDWL d-_ PL c NDWLRQLVF n!b-_ 6\VWH
PHQ i ] ^W^_ WHUVXFKHQ f ( aqa ROOW b JHSUI c ZHUGHQ i R rﬂba ] ^ﬂb LQH l /DGXQJVWUDQV
IH e ]ZLVF n!b-_ﬂ`b-_ DQLRQLVF n!b-_ 0HWDOOSRUSK\ULQDWH _ DJ 6FKHP h  st^_!`W`b-_
NDWLRQLVFK b-_ &REDOWNRPSOH[ b-_  E]Z f  6FKHP h  s NRPP b-_ ZUGH i;u DOO aMa L b
DXVUHLFKH _!` JX c DJJUHJLHUWHQ f ( aIa WHOOW b VLF n GL b )UDJH id-rKb L _ VROFKH a 6\VWH l
Y d-_ ,QWHUHVV b I e GL b SKRWRG\QDPLVFK b 7KHUDSL b VHL _ N|QQWH
(L _!b ZHLWHU b $XIJDE br!b VWDQ ` GDULQ i PL c +LOI b GH e SUlSDUDWLY b-_ +3/ v HLQ b ZlK
U b-_!`w`b-e 'LSORPDUEHL c Y d-_ 6 f ' f +RIIPDQQ x y{z | DXIJHWUHW b-_!b 9HUXQUHLQLJXQ ] GH a
7HWUDNLVVXOIRQDWRSKHQ\OSRUSK\ULQ a  ] ^ FKDUDNWHULVLHUHQ f :lKU b-_!`}h QDO\WL
VFKH e +3/&8QWHUVXFKXQJ b-_ GHWHNWLHUW b +RIIPD __ L _q` H _ Y d-_ LK l V\QWKHWLVLHU
W b-_ 3ODWLQNRPSOH[ b-_C`ba 3RUSK\ULQ a  HL _ VHLQH e 9HUPXWXQ ] QDF n VWHOOXQJV
LVRPHUH a 3RUSK\UL _ L l 9HUJOHLF n ] ^  EH ~ HWZD a JU|HU b-_ 5HWHQWLRQV]HLWHQ f ( a
PXW b GDKH e HL _ JHHLJQHWH a 7UHQQYHUIDKUH _Mh Xu GH e SUlSDUDWLY b-_ +3/&$QOD ]$b
HQWZLFNHO c ZHUGHQ i GD a HL _!b JXW b $EWUHQQXQ ] GH a XQEHNDQQW b-_ ,VRPHU a HUODXE
WH
 9HUZHQGHW  )RUPHO D $ENU]XQJHQ
, _ ZLVVHQVFKDIWOLFK b-_ %HULFKWH _Qn DEH _ VLF nor!b VWLPPW b .XU]EH]HLFKQXQJ b-_ I e
3RUSK\UL _!b X _!``b UH _ 0HWDOONRPSOH[ b2b WDEOLHU cf 6 d ZLU ` ] f % f I e GD a 7HWUDSKH
Q\OSRUSK\UL _K` L b $ENU]XQ ] +  WSS s YHUZHQGH c RGH e 0/  W5S s I e 0HWDOONRPSOH
[ bCr!b VWLPPWH e 7HWUDDU\OSRUSK\ULQH f $OOJHPHL _ ZLU `>`b-e DQLRQLVFK b 3RUSK\ULQOL
J h-_!` GXUF n %XFKVWDEHQ i GL b L _ UXQGH _ .ODPPHU _ VWHKHQ i ] f % f WSS
 
i VSH]LIL
]LHU cf 9R e GH eﬃe^_!`b-_ .ODPPH e VWHK b-_M` L bqh-_`b-_ 3\UURO1$WRP b-_ JHEXQGHQ b_
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%XFKOH 9 XQ 3 0LWDUEHLWHU 7WIﬃR VIKUOLF ( EHVFKULHEHQ @ AYX D $XF (4( LH 9 HUIROJW +4+ L 7 9HU
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R)73 3KHQR[\HVVLJVlXUH : $XVIKUOLF (+ hEHUVLFKWH 7 EH 9 6\QWKHV +ﬃ7Z3)+ﬃ9
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%H w GH x EHVFKULHEHQH y 6\QWKHV v ZXU zv ZL v L { )D | | GH } ,QGLXPNRPSOH[H }
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WSS ~% H ~ WURW  &KURPDWRJUDSL v>zvx &KORURNRPSOH  6Q&O  WSS ~ K ~ HUKDOWHQ
 6\QWK  GH  $UVHQ Ł $QWLPRQNRPSOH[H
hEH x 3RUSK\ULQNRPSOH[ vzv} $UVHQ } XQ z $QWLPRQ }} L yzyx ZHQLJ v $UEHLWH y
EHNDQQW'XUF t (LQED  Y ry $QWLPR y L y 0HVRSRUSK\ULQGLPHWK\OHVWH x ZXU zv
GH x HUVW v 3RUSK\ULQNRPSOH  PL  (OHPHQW vyzvx   +DXSWJU ssvv UKDOWHQ  
 
'L v
6\QWKHV v Y ry $UVHQ  $QWLPRQ X yz %LVPXWKNRPSOH[ vy GH } 2FWDHWK\OSRUSK\
ULQ } ZXU zv NXU] v =HL  VSlWH x Y ry %XFKOH x H  DO  YHU|IIHQWOLFKW  *  ¡ 

,QWHQVLY v )RU
VFKXQJ vy EH x 0HWDOOSRUSK\ULQDW v PL  0HWDOO vy¢zvx   +DXSWJUXSS v ZXU zvy L y
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+LHUEH w ND { H } MHGRF t ] §v LQH x .RQWURYHUV v]uv ]JOLF t§zvx 6\QWKHV v GH x $UVHQ
NRPSOH[H  %URWKHU } JHODQ ¨ H } QLFK © QDF tzvx Y ry %XFKOH x XQ z /D\  * 

EHVFKULH
EHQ vy 0HWKRG v GL v $UVHQNRPSOH[ v GH x 7HWUDDU\OSRUSK\UL yv ]  V\QWKHWLVLHUHQ
(L yv 6\QWKHV v Q z«ª |VXQ ¨ GH x .ULVWDOOVWUXNWX x HLQH } $UVHQNRPSOH[H } GH } 2F
WDHWK\OSRUSK\ULQ } ZXU zv Y ry $NL u¬@v? DO  EHVFKULHEHQ  *¥

'L v $XWRUH y¬ UEHLWHWH y
XQWH x 9HUZHQGXQ ¨ Y ry $V&O ­ L yu¬ VLVFKH { 'LPHWK\OS\ULGLQ ¯®°{ 5DKP vy@z LHVH x
$UEHL  ZXU zvy GL v $UVHQNRPSOH[ v±zv} 7HWUDWRO\O yz±zv} 7HWUDSKHQ\OSRUSK\
ULQ } H[DN  QDF t GH x 9RUVFKULI  Y ry +HUJHW  £³²

V\QWKHWLVLHU 3 +LHUEH w ZXU zvy $U
VHQWULFKORUL z±yzz D } MHZHLOLJ v 3RUSK\UL y L y WURFNHQH { 3\ULGL y5y WH x 6WLFNVWRII
DWPRVSKlU v PHKUHU v 6WXQ zvy@v UKLW] 3 'XUFK 9HUZHQGXQ ¨ HLQH x 6R[KOHWDSSDUD
WX x NRQQW vz L v 0HQJ v]zv} /|VXQJVPLWWHO } YHUULQJHU  ZHU zvyyz GD } 3RUSK\UL y
ZXU zv´y¬ F t§yz QDF tﬃ¬} GH x +OV v§v [WUDKLHU 3 $QVFKOLHH yzv 6DXHUVWRIIGXUFK
OHLWXQ ¨ GXUF tµz¬} 5HDNWLRQVJHPLVF t OLHIHUW v¶z L v $UVHQ9NRPSOH[H  GL v·y¬ FK
+\GURO\V v¸yz &KURPDWRJUDSKL v D y $OXPLQLXPR[L z L y )RU { GH x 'LK\GUR[R
NRPSOH[ v >$V2+  WSS@2 ¹ M yz >$V2+  WWS@2 ¹ D ~ YRUODJ vy





















'H Ä $QWLPRQNRPSOH Å GH Æ 7HWUDSKHQ\OSRUSK\ULQ Æ ZXU ÇÃÈÇÉ UF Á (LQVDW Ê<Ë R Ì
6E&O Í L Ì WURFNHQH Î 3\ULGL Ì V\QWKHWLVLHUW Ï 1DF Á &KURPDWRJUDSKL Ã´ÐÌ $OXPLQLXP
K\GUR[L Ç§Ã UKLHO Ñ P ÐÌ L Î *HJHQVDW ÊﬂÊ?É'ÇÃÄ $XIDUEHLWXQ Ò GH Ä $UVHQNRPSOH[ Ã§ÇÃÌ
'LFKORURNRPSOH Å >6E&O Ó WSS@& Ô N *O9HUVXF ÁﬃÕ 
*O
 6\QWK Ö×Ö GH Ø $FHWDWRNRPSOH[H
=X Ä hEHUSUIXQ Ò GH Ä $Q]DK Ô GH Ä $[LDO/LJ ÐÌÇÃÌ ZXU ÇÃÌÇ L Ã L ÌÇ H Ì .DSLWHO Ì 
 EHVFKULHEH ÌÃÌ .RPSOH[ Ã PHKUHU Ã 6WXQ ÇÃÌ L Ì (LVHVVL Ò XQWH Ä 5FNIOX Ù HU
KLW] Ñ©Ú X Î GL Ã $FHWDWRNRPSOH[ Ã6ÇÐ U]XVWHOO ÃÌ *O Ï  Ï 'XUF Á $XVWDXVF Á GH Ä MH
ZHLOLJ ÃÌ6Û LJ ÐÌÇÃÌ J ÃÒÃÌ $FHWDWROLJDQG ÃÌ VROOW Ã L Î Ü +1056SHNWUX Î GL Ã $Q
]DK Ô GH Ä $FHWDWROLJDQG ÃÌÐ QKD ÌÇ GH Ä ,QWHJUDO Ã]ÂÃ VWLPP Ñ ZHUGHQ Ï (L ÌÃ TXDQWLWD
WLY Ã 8PVHW]XQ Ò ] ÉÇ H Ì 0RQR E]Z Ï 'LDFHWDWRNRPSOH[ ÃÌ ZD Ä QX Ä L Ì G ÃÌ )lOOH Ì
GH Ä $OXPLQLXP Ú *DOOLXP Ú *HUPDQLXP XQ Ç =LQQNRPSOH[ Ã ] É±Â HREDFKWHQ Ï %H Ý
ÇÃÌ 8PVHW]XQJ ÃÌ GH Ä ,QGLXP Ú $UVHQ E]Z Ï $QWLPRQNRPSOH[ Ã PL Ñ (LVHVVL Ò IDQ Ç
NHL ÌÃ 5HDNWL ¿Ì VWDWW1DF ÁﬃÇ H Î (QWIHU ÌÃÌÞÇ H Æ /|VXQJVPLWWHO Æ X ÌÇ PHKUWlJLJH Î
7URFNQ ÃÌ L Ï +RFKYDN Ï ZXU ÇÃÌßÇ L Ã $FHWDWRNRPSOH[ Ã $O2$FWSS à E Ú *D2
$FWSS à'á G Ú *H2$F Ó WSS à'á J Ú 6Q2$F Ó WSS à'á L à XQ Ç $O2$FRHS à'á E L Ì




































 6\QWK èiéêè ZDVVHUO|VOLFKH ë +DXSWJUXSSHQPHWDOONRP
SO èíìﬂè G èié 7HWUDNLVVXOIRQDWRSKHQ\OSRUSK\ULQV
2EZRK î GL ç &KHPL ç GH ï ZDVVHUO|VOLF ðçñ 3RUSK\UL ñç@òç UHLWV  óó PL ô GH ï .ULVWDO
OLVDWL õñ Y õñ +HPDWRSRUSK\UL ñ , ö EHJDQQ ÷ ø3ù ú VHW]W çüû L ç LQWHQVLY ç (UIRUVFKXQ ý
ZDVVHUO|VOLFKH ï 3RUSK\UL ñçþ Q û«ûç U çñ (LJHQVFKDIW çñ5ç UV ô L ñ5ûçñ OHW]W çñ -DKU
]HKQW çñ6ç LQ ß  0LWWHOSXQN ô VWDQG çñ«ð LH ï GL ç PHVRVXEVWLWXLHUWH ñ 7HWUDVXOIRQD
WRSKHQ\OSRUSK\UL ñç  VRZL çüû L ç 7HWUDNLV1DON\OS\ULG\OSRUSK\UL ñç  ß 'LHV ç
9HUELQGXQJ çñ ZXUGH ñ XQ û ZHU ûçñ QRF ð5ð HXW ç JHQXW] ô X  GL ç .RRUGLQDWLRQV
FKHPL ç Y õñ 3RUSK\UL ñçñþñûû HUH ñ :HFKVHOZLUNXQJ çñ PL ô 0HWDOO,RQH ñ L ñ Zl
ULJH ï /|VXQ ý ] þþñ WHUVXFKHQ ß 'H ï 9HUVXF ð GH ï 6\QWKHV çñç XHU  ZDVVHUO|VOLFKH ï
3RUSK\UL ñç ZXU ûçþ F ð5ûþ UF ð LKU ç (LJHQVFKDI ô VLF ð L ñòç VWLPPWH ñ %HUHLFKH ñ
GH  .|USHU  DQ]XUHLFKHUQ  ZHLWH ï YRUDQJHWULHEHQ ß *HUDG ç VXOIRQLHUW ç 3RUSK\UL
ñç	 NNXPXOLHUH ñ@ý X ô L ñ 7XPRU]HOO çñ XQ û VLQ û GDKH ï L ñ@ûçï .UHEVIRUVFKXQ ý YR ñ
JURH  ,QWHUHVV ç VLH ðç .DS ß  ß (LQ ç =XVDPPHQIDVVXQ ý EH ï ZDVVHUO|VOL





ú 1HEH ñ HLQH ï $XIOLVWXQJ EHNDQQWH ï 9HUELQGXQJ çñ·òç ULFKWHW ççï
DXVIKUOLF ð EH ï $JJUHJDWLRQVYHUKDOWHQ  &KHPL çBûçï $[LDO/LJDQG çñ X ñû (OHNW
URQHQWUDQVIHUUHDNWLRQH ñ>ûçï 3RUSK\ULQV\VWHP ç L ñ ZlULJH ï /|VXQJ ß $XF ð>û HWDLO
OLHUW ç $QJDE çñ ] þ 6\QWKHVH ñ IUHLH ï 3RUSK\UL ñç VL ñû L ñ VHLQH  %HULFKWHQWKDOWHQ
 6\QWK  YR  HWUDNLVVXOIRQDWRSKHQ\OSRUSK\ULQ
'L ç 6\QWKHV ç Y õñ 7HWUDNLVVXOIRQDWRSKHQ\OSRUSK\UL ñ  ZXU ûç HUVWPDO  Y õMñ
7UHLE  HUZlKQW ÷ ø ú 'LHVH ï VHW]W ç 3\UUR îþñûû 1DWULXPVDO  GH ï %HQ]DOGHK\G
VXOIRQVlXU ç L ñ *HJHQZDU ô Y õñ 1DWULXPDFHWD ô L ñ %XW\ODONRKR î X  XQ û´ç UKLHO ô GD 
7HWUDQDWULXPVDO  GH  3RUSK\ULQ  L ñ VHK ï JHULQJ çñ $XVEHXWHQ ß %L  KHXW ç VLQ û
HLQLJ ç $UEHLWVYRUVFKULIW çñ I ï GL ç +HUVWHOOXQ ý Y õñ  EHNDQQ ô L ñû HQ çñû L ç 6XOIR
QLHUXQ ý Y õñ 7HWUDSKHQ\OSRUSK\UL ñ  GXUF ð (UKLW] çñ PL ô NRQ]HQWULHUWH ï 6FKZHIHO
VlXU çòç VFKULHEH ñ ZLUG ß °ñ>ûçï $XIDUEHLWXQ ý VL ñû MHGRF ð GHXWOLFK ç 8QWHUVFKLH ûç
] þ'ç UNHQQHQ ß )OHLVFKH ï H ô DO ÷ ø ú IlOOWH ñ GL ç 6XOIRQVlXU ç GXUF ð VWDUN ç 9HUGQQXQ ý
GH  5HDNWLRQVJHPLVFKH  PL ô :DVVH ï DXV  ZXVFKH ñ PL ô $FHW õñþ Q û O|VWH ñ GH ñ
5FNVWDQ û L ñ PHWKDQROLVFKH ï $PPRQLDNO|VXQ ý DXI ß 'XUF ð PHKUIDFKH  $XVIlO
+\GURSKLO  +DXSWJUXSSHQPHWDOONRPSOH[H

O ﬀ GH ﬁ $PPRQLXPVDO]H ﬁ PL ﬂ $FHWR  YHUVXFKW  PDQ ﬃ DQRUJDQLVFK  9HUXQUHLQL
JXQJ ﬀ ﬀ! ]XWUHQQHQ " 6ULYDVWDY #%$ 7VXWVX & EHDEVLFKWLJWH  $ﬀ# UF ' =XJ ﬀ!% Y (ﬀ
&DOFLXPR[L $ ] #)$ﬀ* 5HDNWLRQVPLVFKXQJGL  6FKZHIHOVlXU + O ﬁ &DOFLXPVXOIDW] #
EHVHLWLJHQ , -. / :LHGHUKROWH ﬁ $XVIlOOHQ ﬃ )LOWULHU ﬀ0# Q $ .RQ]HQWULHU ﬀ YHUULQJHUW 
GL  $XVEHXW  X1 FD "ﬀ243  " $XVEHXW ﬀ Y (ﬀ! L ﬁ ] #65798 HU]LHOW ﬀ 'ROSKL :#;<$
0LWDUEHLWHU ﬃ LQGH = VL  QDF ' 1HXWUDOLVLHUXQ > GH * 5HDNWLRQVPLVFKXQ > PLW 1DWUL
XPFDUERQD ﬂ GL ? QRUJDQLVFKH  6DO] @$ﬀ# UF ' 'LDO\V @ﬀ! WUHQQWHQ , -BA / (L % )HLQ
UHLQLJXQ > GH ﬁ 7HWUDNLVVXOIRQDWRSKHQ\OSRUSK\ULQ ﬁ GXUF ' 8OWUDILOWUDWL (ﬀC% F '
$XVIlOOXQ > GH * DQRUJDQLVFKH  6DO]  GXUF ' $FHWR D' DWW  8 " 0D\H * L  VHLQH * 'LV
VHUWDWL (ﬀ:!% VFKULHEHQ , -- / ( * FKDUDNWHULVLHUW  DXF ' GD ﬁ 3URGXN ﬂ GH * &KORUVXOIR
QLHUXQ > Y (ﬀ 7HWUDSKHQ\OSRUSK\ULQ ﬃ GL @ UVWPDO ﬁ Y (ﬀ 'LQ > H ﬂ DO " RKQ  $QJD !<
GH * NRPSOHWW ﬀ  QDO\WLVF '%ﬀ 'DW ﬀ $ﬀ# UFKJHIKU ﬂ ZXUGH , -E / +LHUEH & ZXU $	$ﬀ# UF '
5HDNWL (ﬀ Y (ﬀ 7HWUDSKHQ\OSRUSK\UL   PL ﬂ UHLQH * &KORUVXOIRQVlXU F!%ﬀ& 5DXP
WHPSHUDWX * GD ﬁ 7HWUDVXOIRFKORUL $ GH ﬁ 3RUSK\ULQ ﬁ HUKDOWHQ ﬃ GD ﬁ GXUF ' ZHLWHU 
8PVHW]XQ > PL ﬂ 1DWURQODXJ G($ﬀ* 1DWULXPFDUERQD ﬂ L H$ﬁ 1DWULXPVDO I GH ﬁ
7HWUDVXOIRQDW ﬁ EHUIKUWZXU $ *O
*O
'D ﬁ L J$ LHVH * $UEHL ﬂ GDUJHVWHOOW  7HWUDNLVVXOIRQDWRSKHQ\OSRUSK\UL  ZXU $
ZL :!%ﬀ& 8 " 0D\HU , -- / GXUF ' PHKUVWQGLJH ﬁ (UKLW] ﬀ Y (ﬀ 7HWUDSKHQ\OSRUSK\UL  L 
NRQ]HQWULHUWH * 6FKZHIHOVlXUH EH & HLQH * 7HPSHUDWX * Y (ﬀ FD "  3  K KHUJHVWHOO ﬂ
*O9HUVXF 'MLN7  " 'XUF ' =XVDW IPOQ(ﬀ 2OHX = ZXU $+$ﬀ* $QWH & R D )$ﬀ= HLJHQW
OLF ' VXOIRQLHUHQG ﬀ 5HDJHQ I 6FKZHIHOWULR[L $ L )$ﬀ* 5HDNWLRQVPLVFKXQ > HUK|KW
*O
1DF 'S$ﬀ* 1HXWUDOLVDWLR  PL ﬂ NRQ]HQWULHUWH * .DOLXPK\GUR[LG/|VXQ > # QWH * (LVNK
OXQ > ZXU $M$ﬁ DXVJHIDOO ﬀ% .DOLXPVXOID ﬂ DEJHWUHQQ ﬂB" 1DF '+$ H = (LQHQJ ﬀ GH ﬁ
)LOWUDW ﬁ ZXU $@$ﬀ# UF ' =XJ ﬀ!% Y (ﬀ $FHW (ﬀ ZHLWHUH ﬁ .DOLXPVXOID ﬂ DXVJHIlOO ﬂ XQG
DEILOWULHU ﬂB" 'LHVH * 9RUJDQ > ZXU $M! L ﬁ ] #S$ UHLPD R ZLHGHUKROW " 'D ﬁ URWEUDXQ +ﬀ! JH
T U V W X X Y
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WUHQQW v .DOLXPVXOID w ZXU xv PL w $FHW yﬀz{ L | ]X } KHOOJHO {%vﬀz )lUEXQ ~ JHZDVFKHQ 




OWUDILOWULHU w .DSLWH    0D zSv UKLHO w GD | .DOLXPVDO  .  >+  WSSV    . >@ 4Łz
DQDORJH } :HLV v ZXU xvx| &lVLXPVDO  &V  >+  WSSV    &V  >@  GXUF  9HUZHQ
GXQ ~ HLQH } &lVLXPK\GUR[LG/|VXQ ~ EH  GH } 1HXWUDOLVDWLR z KHUJHVWHOO wB %H  VRUJ
IlOWLJH } $UEHLWVZHLV v ZXU xvﬀz $XVEHXW vﬀz Y yﬀz:{ L | ]
6
HU]LHO wB (L z 9HUJOHLF 
GH } 3URGXNW v6

| 5HDNWLRQVDQVlW]HQ  GL v9{ H  HLQH } 7HPSHUDWX } Y yﬀz

  XQ x
EH  5DXPWHPSHUDWX } GXUFKJHIKU w ZRU xvﬀz ZDUHQ  PL w GH  3URGXN w DX | HLQH }
&KORUVXOIRQLHUXQ ~ EH]JOLF  xv| 6XOIRQLHUXQJVJUDGH | ZLU x L z .DSLWH   EH
VFKULHEHQ  8QWHUVXFKXQJ vﬀzxv| 6XOIRQLHUXQJVJUDGH | ZXU xvﬀz HEHQIDOO | YR z
+DPEULJK w GXUFKJHIKUW    ( } YDULLHUW v	x L v 9HUVXFKV]HL w GH } 6XOIRQLHUXQJVUHDN




0LQXWHQ*U|HU v 0HQJ vﬀz)ﬀz 3RUSK\UL z

z%x NU]H
U v 5HDNWLRQV]HLW vﬀz IKUW vﬀz ]

JHULQ ~ VXOIRQLHUWH z 3RUSK\ULQGHULYDWHQ  'L v
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HLQED ÔÖÕ L Ó +DXSWJUXSSHQPHWDOONRPSOH[ Ó GDUJHVWHOO × ZHU ÕÓﬀØ VROOWHQ Ù ' Ú VLF Û
DXIJU ÔØ%ÕÕÓﬀÜ VWDUNH Ø +\GURO\VHHPSILQGOLFKNHL × GH Ü YHUZHQGHW ÓﬀØ 0HWDOOKDORJH
QL ÕÓÝÔØ%ÕÞÕÓﬀÜ 8QO|VOLFKNHL × GH ß 3RUSK\ULQ ß  L ØÞØ LFKWZlULJ ÓﬀØ 6ROYHQWLH Ø
]ZDQJVOlXIL à 6FKZLHULJNHLW ÓﬀØ?Ó UJDEHQ á ZXU ÕÓ ]HLWJOHLF Û YHUVXFKW á GXUF Û 6\Q
WKHV ÓâÕÓﬀÜ K\GURSKREH Ø .RPSOH[ ÓãÔ Q ÕDÚﬀØ VFKOLHHQGH Ü 6XOIRQLHUX Ø<à RGH Ü &KORU
VXOIRQLHUXQ à GL Ó .RPSOH[ Ó DJ ] Ô V\QWKHWLVLHUHQ
$XF Û +DPEULJK × VSULFK × L Ø VHLQH ä $UWLNH å Y æﬀØçÓ LQH Ü GLUHNWH ØDÔ;Ø%Õ LQGLUHNWH Ø 6\Q
WKHVHPHWKRGH è éé ê GRF Û YHUZHLV × H Ü KlXIL à ÚÔ I GL Ó 2ULJLQDOOLWHUDWX Ü RK Ø%Ó JHQDXH Ü
DXë GL Ó 6\QWKHVHSUREOHP Ó HLQ]XJHKHQ Ù ) Ü LQGLUHNW Ó 6\QWKHVHQ á GK Ù SULPlU Ó
6\QWKHV Ó:Ó LQH ß OLSRSKLO ÓﬀØ 0HWDOONRPSOH[H ßÔØ%Õ:ÚﬀØ VFKOLHHQ ÕÓ hEHUIKUXQ à L Ø
HL Ø%Ó ZDVVHUO|VOLF Û%Ó 9HUELQGXQ à GXUF Û (LQIKUXQ à LRQLVFKH Ü *UXSSHQ á JLE × H ß
QX Ü ZHQLJ Ó %HLVSLHOH Ù %XFKOH Ü+ÔØ%Õ 1DZU Ú JHODQ à HV á ZDVVHUXQO|VOLF Û%Ó &HU
ELVSRUSK\ULQDW Ó L ØìÛ \GURSKLO ÓìÚ FKWIDF Ûìí RVLWL î RGH Ü QHJDWL î JHODGHQ Ó &HU
ELVSRUSK\ULQDW Ó ] Ôðïñ%Ó UIKUHQ è òó ê 2VPLXPNRPSOH[ ÓðÕÓß 7HWUDNLVVXOIR
QDWRSKHQ\OSRUSK\ULQ ß  N|QQ ÓﬀØ QDF Û %XFKOH ÜôÔØ%Õ .Q]HO è òõé ö òB÷ ê VRZL Ó 6L
PRQ è òø ö òù ê DX ß GH ä OLSRSKLO ÓﬀØ 7HWUDSKHQ\OSRUSK\ULQD × GH ß 2VPLXP ß GXUF Û 6XO
IRQLHUXQ à PL × 6FKZHIHOVlXU Ó V\QWKHWLVLHU × ZHUGHQ :HVHQWOLF Û Û%ú XILJH Ü
EHREDFKWH × PD Ø MHGRF Û Ó LQ Ó (QWPHWDOOLHUXQ à XQWH Ü GH Ø
6XOIRQLHUXQJVEHGLQJXQJHQ á V æðÕÚ û HLQ Ó TXDQWLWDWLY Ó 8PVHW]XQ à DXVJH
VFKORVVH Ø ZDU(L Ø%ÓôÕ LUHNW Ó 6\QWKHV Ó GXUF Û 8PVHW]XQ à GH ß 3RUSK\ULQ ß  PL × GH ä HQWVSUH
FKHQ ÕÓﬀØ 0HWDOOVDO ü L Ø :DVVH Ü IXQNWLRQLHU × QX Ü VHOW ÓﬀØ RGH Ü IKU × ] Ô0Ø LFK × YROO
VWlQGL à9Ô PJHVHW]WH ä 3RUSK\ULQ á GHVV ÓﬀØ $EWUHQQXQ à YR ä 0HWDOOSRUSK\UL Ø VHK Ü
VFKZLHUL à LV ×BÙ +HUPDQ ØãÓ× DO Ù EHVFKULH ñãÓ LQ Ó KHWHURJHQ Ó 0HWDOOHLQEDXPHWKRGH
X ä GL Ó JHQDQQW ÓﬀØ 6FKZLHULJNHLW ÓﬀØ ] ÔÔ PJHKHQ è òý ê 'XUF Û 5HDNWLR Ø Y æﬀØ  PLW
YHUVFKLHGHQH Ø 0HWDOOSXOYHU Ø+æÕÓﬀÜ 0HWDOOR[L ÕÓﬀØ L Ø :DVVH Ü JHODQ àDÓ;ß LKP á GLUHNW
GL Ó ZDVVHUO|VOLF Û%ÓﬀØ 0HWDOOSRUSK\ULQDW Ó GDU]XVWHOOHQ Ù +DXSWJUXSSHQPHWDOONRP
SOH[ Ó ZDVVHUO|VOLFKH Ü 3RUSK\UL Ø%Ó ZXU ÕÓﬀØ ]ZD Ü L Ø ÕÓﬀÜ /LWHUDWX Ü HU
ZlKQW è þß ö ò  ö òþ ö òò ö òß ê GRF Û@Ó [LVWLHU ÓﬀØ ZHGH Ü 6\QWKHVHYRUVFKULIW ÓﬀØ Ø%æ F Û@ÚﬀÔ VIKUOL
F Û%Ó &KDUDNWHULVLHUXQJH Øñ ]Z Ù 5HLQKHLWVDQJDEHQ Ù 0HLVWHQ ß ZXUGH Ø:Õ LHV Ó 3RU
SK\ULQDW Ó Y æﬀØ ÕÓﬀÜ )LUP Ú Ä0LG&HQWXU\

HUZRUEHQ á GL Ó HEHQIDOO ß DXë $QJDEH Ø
EH Ü 6\QWKHV ÓﬀØ YHU]LFKWH ×BÙ ) Ü GL Ó 6\QWKHV Ó GH Ü ZDVVHUO|VOLF Û%ÓﬀØ 0HWDOOSRUSK\
ULQDW Ó DJ ZXU ÕÓﬀØ GDKH Ü HLJHQ Ó 0HWKRGH ØÓﬀØ WZLFNHOW
+\GURSKLO  +DXSWJUXSSHQPHWDOONRPSOH[H

 6\QWK  G  $OXPLQLXPNRPSOH[HV
+HUVWHOOXQJVYHUIDKUH  I 	 GD 
 ZDVVHUO|VOLF

 $OXPLQLXPSRUSK\ULQD  D VL  L 
GH 	 /LWHUDWX 	 QLFK  EHVFKULHEHQ  ( 
 ZXU  GDKH 	 DX YHUVFKLHGH  6\QWKHVH 
K\GURSKREH 	 $OXPLQLXPNRPSOH[  ]XUFNJHJULIIH  YHUVXFK  GLHV  L 

ZlULJ  0LOL  ] ﬀﬁ UWUDJHQ  'LUHNW  8PVHW]XQJ  Y ﬂ .ﬃ >@ PL  $ODFDF  L 
(LVHVVLJ  '062  %HQ]RQLWULO  3KHQRO  '0)  '0)3\ULGLQ ! PLGD]R " RGH 	 
+\GUR[\FKLQROL  IKUWH  ]  NHLQH # (UIROJ  (L  9HUZHQGXQ $ Y ﬂ $O&O  DO 
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5HDNWLRQV]HLW  Y ﬂ PHKUHUH  6WXQG  NHL 
3URGXNWELOGXQJ  (L  8PVHW]XQ $ GXUF

=XJ ﬁ Y ﬂ .ﬃ >@ ] & LQH 	 $OXPLQLXP
QLWUDWVFKPHO]  $O12    NRQQW ' XIJUXQ  PD[LPDOH 	 5HDNWLRQVWHPSHUDWXUH 
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 HUUHLFK  ZHUGHQ  $ ﬁ.(  ,  - ND # H 
 XQWH 	 $XVELOGXQ $ Y ﬂ
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12    / L  5HDNWLR  PXW /ﬁ JHEUR
F
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 .ﬃ >@ L  ZlULJH 	 /|VXQ $ IKUWH 
HEHQIDOO 
 QLFK  ]  GH # JHZQVFKWH  (UJHEQLV  (LQ  LQGLUHNW  6\QWKHV 0 UF

6XOIRQLHUXQ $ Y ﬂ1 H # ]XYR 	 GDUJHVWHOOW  ZDVVHUXQO|VOLFKH  $OXPLQLXPSRUSK\
ULQD  D PL  NRQ]HQWULHUWH 	 6FKZHIHOVlXU  IKUW  EHUHLW 
 EH 2 5DXPWHPSHUDWX 	 ]X 	
(QWPHWDOOLHUXQJ  $O 
 *U  I 	 GL  0LHUIROJ  ZXU  ]X # HLQH 3 L  VFKOHFKW 
/|VOLFKNHL  Y ﬂ .ﬃ >@ L .ﬂ UJDQLVFKHQ  KRFKVLHGHQGH  /|VXQJVPLWWHO  X  ]X #
DQGHU 1 L  I 	 HLQH  $OXPLQLXPHLQED  ] 4 LHGULJ  7HPSHUDWXUH  L  ZlULJ 
0HGL  YHUPXWH  'H 	 (LQVDW 5768ﬂ &V ﬃ >@  GD 
 GXUF

VHLQ  JUR  *HJHQLRQH 
9 UF

 L  JHULQJHU  %LQGXQ $ Y ﬂ 6ROYDWZDVVH 	 DQGHU ;: |VXQJVHLJHQ
VFKDIW < Q < L  :DVVHUYHUULQJHUXQ $ L =	 5HDNWLRQVPLVFKXQ $ HUZDUW  OLH 
EUDFKW  NHLQ  (UIROJ
'XUF

hEHUIKUXQ $ GH 
 .DOLXPVDO]H 
 .ﬃ >@ L  
 ZDVVHUXQO|VOLFK 
%LVWULSKHQ\OSKRVSKRUDQ\OLGHQ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JXWH 	 /|VOLFKNHL  L 

RFKVLHGHQGH  6ROYHQWL  ZL  &KLQROL ?ﬂ GH 	 3KHQR " HL 
5HDNWLR ﬀ$ HOLQJHQ  >SSQ@ﬃ >@ ZXU 0 UJHVWHOO  LQGH #@# D  ] . LQH 	 ZlULJH 
/|VXQ $ Y ﬂ .ﬃ >@ HL   , LJ  PHWKDQROLVF





















1DF FﬀE LQLJH G 0LQXWH G NRQQW E3HIJ DXVJHIDOOHQ E 3URGXN K Y LGMHEN IDUEORVH GPO |
VXQ Q DE]HQWULIXJLHU K ZHUGHQ R 1DF F GH S 7URFN GEGUTEV  W  X ZXU HE/EJ GLUHN K I N
ZHLWHU E 6\QWKHV EG YHUZHQGHW
%H V GH N 8PVHW]XQ Q Y LG $ODFDF Y PL K >SSQ@Z >@ L G &KLQROL G ZD N QDF F0[  \ 6WXQ
HEGUE LQ E 3URGXNWELOGXQ Q ] ]/E UNHQQHQ ^ GRF F4Q HODQ Q H J QLFKW ^ GD J V\QWKHWLVLHUW E
3RUSK\UL G ] ] LVROLHUHQ R (L GE 8PVHW]XQ Q Y LG $ODFDF Y PL K >SSQ@Z >@ L G VLHGHQ
GH S 3KHQR _ IKUW E VFKOLHOLF F ]X S (UIROJ R 'L E`H UH V .RPSRQHQW E>G ZXU HEG ZL E
EH V GH N 6\QWKHV EaHEN K\GURSKRE EG .RPSOH[ E $O2+WSS bdc D b XQ H $O2+RHS b
D b L G/E LQH S RIIHQ EG 5HDJHQ]JOD J PLWHLQDQGH N YHUVFKPRO]HQ ^ V L!HIfe GD J EH V
KRKH N 7HPSHUDWX N HQVWHKHQG E $FHW\ODFHWR G JX K HQWZHLFKH G NRQQW E *O R  ^
9HUVXF F4[+g 
*O
$EE R  h 6SHNWUDO E 9HUlQGHUXQJ EG ZlKUHQ H GH N 6\QWKHV E Y LG D
'L E 5HDNWLRQV]HLW EG ZDU EG MHGRF F GHXWOLF F K|KH N XQ H&E LQ E YROOVWlQGLJ E 8PVHW
]XQ Q NRQQWH ^ ZL E L G $EE R  ] ]<E UNHQQHQ ^ QLFK K HU]LHO K ZHUGHQ R %HWUDFKWH K P I>G
HEG 5HDNWLRQVYHUODXIHUNHQQWP IG GHXWOLF F GL E ,QWHQVLWlWVDEQDKP E<HEN %DQ HE>G
ikjjlm n ipo q rpstjju n vwm xzy
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+\GURSKLO º +DXSWJUXSSHQPHWDOONRPSOH[H

EH »  ¼0½ Q ¾3¿  ¿ QP À ZD Á GXUF ÂM¾ LH QDF Â XQW ºÃ JHULFKWHWH Ã 3IHLO º DQJHGHXWH Ä
LV ÄÅ 'LHV º EHLGH Ã %DQ ¾ºÃ JHK|U ºÃ ] ½ GH Æ IUHL ºÃ 3RUSK\ULQ À GD Á L Æ VDXU ºÃ 0L
OL º½ L Æ SURWRQLHUW ºÃ =XVWDQ ¾ YRUOLHJ ÄÅÇÈÆ *HJHQVDW É GD] ½ﬀÊºËÊÌ FKWH Ä P ÌÃ GD Á
(QWVWHKH Ã ]ZHLH Í %DQ ¾ºÃ EH »  Î!½ Q ¾  Ï¿ QP À GL º ] ½¥¾ H Æ 0HWDOOSRUSK\UL Ã JH
K|UH Ã XQ ¾!¾ L º PL ÄÑÐ RUWODXIHQGH Í 5HDNWLRQV]HL Ä ZHLWH Í ]XQHKPHQ Å 1DF Â/ÏÒ 6WXQ
¾ºÃ ZD Í HL Ãº =XQDKP º/¾ºÁ 3URGXNWH Á QLFK Ä PHK Í ] ½¥º UNHQQHQ Å (LQ º TXDQWLWDWL
Y º 8PVHW]XQ Ó ZXU ¾º WURW É PHKUIDFKH Í 6WHLJHUXQ Ó GH Á PRODUH Ã hEHUVFKXVVH Á
ÌÃ 0HWDOOVSHQGH Í EL Á DXÐ GD Á IDFK º X Ã¾ 9HUJU|HUXQ Ó GH Á /|VXQJVPLWWHOVYR
OXPHQ Á QLFKWHUUHLFKW
1DF Â %HHQGLJXQ Ó GH Í 5HDNWL ËÃ ZXU ¾º3¾ L º 3KHQROVFKPHO] º YR Í GH Æ (UVWDUUH Ã
L Ã 0HWKDQR Ô DXIJHQRPP ºÃ X Ã¾ L Ã .DOLXPK\GUR[LGO|VXQ Ó EHUIKU Ä *O Å  Å 0LW
&+ Õ &O Õ ZXU ¾ºÃ L Æ DONDOLVF ÂºÃ X Ã¾ L Æ VDXUH Ã 0LOL º½<Ë UJDQLVF Âº 1HEHQSURGXNW º
H[WUDKLHU ÄÅ 'L º ZlULJ º 3KDVH À GL ºﬀÃ X Ã GD Á 0HWDOOSRUSK\ULQD Ä L Ã )RU Æ GH Á .DOL
XPVDO]H Á HQWKLHOWZXU ¾º1º LQJHHQJWX Ã¾ ]HQWULIXJLHUW
*O
1HEH Ã GH Æ NODU ºÃ URWH Ã =HQWULIXJD Ä HUKLHO Ä P ÌÃÖº LQH Ã=Ó UQH Ã 1LHGHUVFKODJ À GH Í
DX Á DJJUHJLHUWHP À IUHLHP À SURWRQLHUWH Æ 3RUSK\UL Ã`Êº VWDQG Å 'LHV º $JJUHJDWELO
GXQ Ó N|QQW º¥Ì½ F Â GH Í *U ½Ã¾ I Í GL º/Ã LFK Ä TXDQWLWDWL ×Ø× HUODXIHQ ¾º 5HDNWLR Ã VHLQ Å
%LO ¾ºÃ VLF Â L Ã GH Í VDXUH Ã 5HDNWLRQVPLVFKXQ Ó $JJUHJDWH À V Ë ND ÃÃ HL Ã 0HWDOOLR Ã
QLFK Ä PHK Í L Ã GD Á 3RUSK\UL Ã/º LQJHEDX Ä ZHU ¾ºÃM½ Q ¾MºÁ/Ù RPP Ä ] ½ $XVEHXWHYHU
OXVWHQ Å .DQ Ã P ÌÃ MHGRFK À ZL º L Ãﬀ¾ LHVH Æ )DOO À GD Á IUHL º 3RUSK\UL Ã L Ã )RU Æ GH Í
VFKZHUO|VOLF ÂºÃ $JJUHJDW ºPÌÊ WUHQQHQ À LV Ä P ÌÃPÃ LFK Ä DXI HL Ãº TXDQWLWDWLY º 8P
VHW]XQ Ó DQJHZLHVHQ Å (L Ãº JHQDXHU º %HVFKUHLEXQ Ó XQ ¾ 'HILQLWLR Ã<¾ºÍ $JJUHJD
WL ËÃ Y ËÃ 3RUSK\UL ÃºÃ ILQGH Ä VLF Â L Ã .DSLWH Ô 
=X Í ZHLWHU ºÃ 5HLQLJX ÃÓ ZXU ¾º4¾ÌÁ 0HWDOOSRUSK\ULQD Ä PL Ä HLQH ÍÚ+¼ LJH Ã PHWKD
QROLVF ÂºÃ;ÛÜ VXQ Ó Y ËÃ 6%HQ]\OLVRWKLRKDUQVWRIIK\GURFKORUL ¾ >6%LWK@& Ô DXVJH
IlOO ÄÀ EL Á QX Í QRF Â4º LQ º VFKZDF Â JHO Êº.ÛÜ VX ÃÓ ]XUFNEOLHE Å 1DF Â =HQWULIXJDWL Ë>Ã
ZXU ¾º!¾ºÍ YLROHWW º 5FNVWDQ ¾ L Ã '06 Ý JHO|V Ä XQ ¾ GD Á 0HWDOOSRUSK\ULQD Ä GXUF Â
.DWLRQHQWDXVF Â L Ã GD Á .DOLXPVDO ÉÞÉ XUFNJHZDQGHO ÄÅ =X Í %HVHLWLJXQ Ó YR Ã























OWUDILOWULHU ý 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GH  3RUSK\ULQDW  D HU]LHO ý  'LHVH  ELOGH ý ZL ù PL ý +LOI ù!ù OHNWURSKRUHWLVFKH  8Q
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6DO]H  GH  )RUPH ß
.  >$O+  2WSSV  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 6\QWK  GH ﬀ *DOOLXP ﬁﬃﬂ  ,QGLXPNRPSOH[H
*DOOLXPNRPSOH[ ù
ü
ù! 7HWUDNLVVXOIRQDWRSKHQ\OSRUSK\ULQ   VLQ
ü
ELVKH  QLFKW








ù$ /LWHUDWX  HUZlKQ ý GRF þ 6\Q
WKHVHPHWKRGH
û






LFK ý EHVFKULHEHQ % &(' ) *(' +
'L ù L
ûÖü
LHVH  $UEHL ý GDUJHVWHOOW ù
û















JHSXIIHUWH , (LVHVVL  ZL ù LKU ùﬀþ \GUR
SKLO ù
û








ù ]XQlFKV ý GD  3RUSK\ULQ  GD  L
û











GL ù 5HDNWLRQVPLVFKXQ  PL ý .DOLXPK\GUR
[L
ü
JHSXIIHU ý  1DF þ3  4 VWQGLJH , (UKLW]H
û
XQWH  5FNIOX 5 ZD  GL ù 0HWDOOLH
UXQJVUHDNWL 
û/



























































*DOOLXP X ACB ,QGLXPNRPSOH[ @ E X ACB F ELOG @$A ZL @DB!@$E $OXPLQLXPNRPSOH F D
LQQHU @ 6DO] @ $EE G  H YR I 7\ J . K >*D+ L 2WSSV M @E]Z. K >,Q+ L 2WSSV M @
 6\QWK NON GH P *HUPDQLXP QﬃR SUT LQQNRPSOH[H
*HUPDQLXPNRPSOH[ @VB!@!W 7HWUDNLVVXOIRQDWRSKHQ\OSRUSK\ULQ W  VL ACB L A GH E
/LWHUDWX E QLFK X EHNDQQW G $XIJU Y!ACB2B!@$E VWDUNH A +\GURO\VHHPSILQGOLFKNHL X GH W 0H
WDOOVSHQGHU W *H&O M PXW @$AZB L @ 6\QWKHVH A XQWH E )HXFKWLJNHLWVDXVVFKOX [ L A WUR
FNHQH I $UJ \$A GXUFKJHIKU X ZHUGHQ G 8PVHW]XQJ @$A Y \$A .] >@ PL X *H&O M L A &KL
QROLQ ^#_PLGD]R ` RGH E HLQHP *HPLVF acb$YCW 3\ULGL AdY!ACB '0 e IKUWH A HEHQVRZHQL f
]X I (UIRO f ZL @ 5HDNWLRQH AdB!@!W >SSQ@6DO]H W >SSQ@] >@ PL X *H&O M L A 3KHQRO G ( W
ZXU B!@B!b$aC@$E GL @ JOHLF aC@ 0HWKR B!@ ZL @hgC@$i GH E HUIROJUHLFKH A 6\QWKHV @jB!@!W OL
SRSKLO @$A *HUPDQLXPSRUSK\ULQDWH W I DQJHZHQGH XG +LHU] Y ZXU B!@ ]XYR E JX X JH
WURFNQHWH W >SSQ@] >@ L A &KLQROL AkY!A WH E $UJRQDWPRVSKlU @ YRUJHOHJ XlY!ACB PLW
*H&O M YHUVHW] XG 1DF amB UH i 6WXQ B!@$A (UKLW] @$Alb Xn  o  p ZD E HL AC@ YROOVWlQGL f@
8PVHW]XQ f ] Y@ UN @$A!AC@$A 9HUVXF a
q o  G 'D W 5HDNWLRQVJHPLVF a ZXU B!@ L A YHU




$ ArB LHVH E 6WHOO @ ND I H W ] Y 6FKZLHULJNHLWHQ G (L AC@ hEHUIKUXQ f GH W *HUPDQLXP
NRPSOH[H W L AZB L @ .2+/|VXQ f IKUW @ WHLOZHLV @6b$YCW XQHUNOlUOLF aC@$A *UQGH A ]X E
(QWPHWDOOLHUXQJ G ( W ZXU B!@$AdB L @ 7HPSHUDWX E GH E 5HDNWLRQVO|VXQJ ^ GL @ .RQ]HQW
UDWL \$A GH E .2+/|V YAsf/Y!ACBZB L @ *HVFKZLQGLJNHLW GH E hEHUIKUXQ f YDULLHU X^ GRF a
HL AC@ $EKlQJLJNHL X YR AtB H A JHQDQQW @$A 3DUDPHWHU A NRQQW @uA LFK X IHVWJHVWHOOW
ZHUGHQ G ( W ZD E GDKH E QLFK X LPPH E P|JOLFK ^#B!@$A L A GH E 5HDNWLRQVPLVFKXQ f HU






































'L z ZHLWHU z $XIDUEHLWXQ { ZXUGH DQDOR { GH | $XIDUEHLWXQ { GH } $OXPLQXPNRPSOH
[H } D GXUFKJHIKU ~ 6%LWK)lOOXQJ  RQHQWDXVFK  8OWUDILOWUDWLRQ  VL z$Cz .DSLWH 
  'L z $XVEHXW z$!z$| 6\QWKHVH  EHWUXJH  L  'XUFKVFKQL ~~  Ł   'H | .RP
SOH  G OLHJ ~ L  *HJHQVDW 7 X !z$ .RPSOH[ z$ DF DO } 'LFKORURNRPSOH l R |
*O    7URW  $XIDUEHLWXQ { L  DONDOLVFK z$6!C ZlULJ z$ 0LOL z$ I $CDz L  $XV
WDXVF !z$| &KORUR JHJ z$ $TXDOLJ $C!z$ LFK ~ VWDWW  (L  1DFKZHL } GH | $QZH
VHQKHL ~ GLHVH | /LJDQG z$ JOFNW zj$ UFK GL z 0DVVHQVSHNWURPHWUL z .DSLWH   
!Cr L z (OHNWURSKRUHV z .DSLWH  
(L Cz 9RUVFKULIWI | GL z 'DUVWHOOXQ { GH } =LQQNRPSOH[H } ILQGHWPD  L  $UWLNHO  YR 
+HUPDQQ  (  !C 3RPPLHU  (  +HUPDQQ H ~ DO  EHVFKULHEH h L z 5HDNWL $h H }
3RUSK\ULQ }  PL ~ =LQQSXOYH | E]Z  =LQQR[L  L  ZlULJH | /|VXQJ  'LHV z 5HDNWLR 
NRQQW z WURW  PHKUWlJLJH  (UKLW] z$ LFK ~ UHSURGX]LHU ~ ZHUGHQ  3RPPLH | VHW]W z
GD } 3RUSK\UL   PL ~ 6Q&O  L Zz LQH | 0LVFKXQ { DX } 3\ULGL 6!C '0  XP X C6z U
KLHO ~ VF C$ QDF  ZHQLJ z$ 6WXQGH c!!} JHZQVFKW z 3URGXNW  ( | EHVFKUL z$c$ F 
HL Cz TXDQWLWDWLY z 6XOIRQLHUXQ { GH } OLSRSKLO z$ =LQQNRPSOH[H } GXUF  NRQ]HQWULHUW z
6FKZHIHOVlXU zU!C DQVFKOLHHQG z 1HXWUDOLVDWL $ GXUF  $PPRQLDN
'H | L / LHVH | $UEHL ~ GDUJHVWHOOW z 3RUSK\ULQDWNRPSOH  H ZXU !z7$ UF  5HDNWL  
Y $  PL ~ =LQQ,,FKORUL  L  JHSXIIHUWH  (LVHVVL { ZL zm L z *DOOLXP !C ,QGLXP
NRPSOH[ z E XQ  F V\QWKHWLVLHUW*O  9HUVXF  
*O
'H | =LQQNRPSOH  OLHJ ~ DO } 'LK\GUR[RNRPSOHl R | *O    !C EHQ|WLJ ~ VRPLW
YLH | .DOLXPL $Cz$ ]X  $XVJOHLF !z$| QHJDWLY z$¢¡s!$! J  ( }£ RPP ~ QLFK ~ ]X |
$XVELOGXQ { HLQH } LQQHU z$ 6DO]HV
 6\QWK ¤¥¤ GH ¦ $UVHQ §ﬃ¨ © $QWLPRQNRPSOH[H
$UVHQ X C $QWLPRQNRPSOH[ z GH } 7HWUDNLVVXOIRQDWRSKHQ\OSRUSK\ULQ }  VLQ 
L 6!z$| /LWHUDWX | QLFK ~ EHNDQQ ~ ( } ZXU !zl DKH | YHUVXFK ~ GL z .RPSOH[ zl$C OR {
GH | 6\QWKHVH  GH | OLSRSKLOH  .RPSOH[ zª! U]XVWHOOHQ  =X | EHVVHUH  $XIO|VXQ {
« ¬ ­¯® ° ±³²µ´!´s¶ ¬ ·µ¸ ¹»º¼½
° ¾!¿ÁÀ Â!Ã¾¿ Ä Àr¾ÅÆÀÇ¿È¾CÀ Ä ¾





GH Û 3RUSK\ULQ Û .Ü >@ ZXU Ý!ÚÚ L ÞVßsà VXQJVPLWWHOJHPLVF áâ$ãCÛ 3\ULGL Þã!ÞCÝ '0 ä
YHUZHQGH åæ $O Û 0HWDOOVSHQGH ç GLHQW Ú$Þ $V&O è E]Z æ 6E&O è æ .Ü >@ ZXU Ý!Úéã!Þ WH ç
6WLFNVWRIIDWPRVSKlU ÚVê HO|V å XQ ÝëÝ!â Q Þ PL å GH ì HQWVSUHFKHQGH Þ 0HWDOOFKORUL Ý
YHUVHW] åæ 1DF á PHKUVWQGLJH ì (UKLW] Ú$Þ XQWH ç 5FNIOX í ZXU Ý!Ú GD Û 5HDNWLRQV
JHPLVF á DEJHNKO åæ 'H ç $UVHQDQVDW î ZXU Ý!Ú PHKUHU Ú 6WXQGH Þ PL å WURFNHQH ì
6DXHUVWRI ï JHVlWWLJ åðã!ÞCÝ VRPL å GH ç $UVHQ,,,.RPSOH ñ L Þ6Ý!Ú$Þ $UVHQ9NRPSOH ñ
I EHUIKUW*O æ 9HUVXF áóò!ò 
*O
, ì )DO ô GH ç $QWLPRQSRUSK\ULQDW6\QWKHV Ú ZXU Ý!Ú7â$ãCÛ GH ì ]XQlFKV å HQWVWDQGH
ÞCÚ$Þ $QWLPRQ,,,.RPSOH ñ GH ç $QWLPRQ9.RPSOH ñ J GXUF á =XVDW î2õ÷ö$Þ %UR ì
HU]HXJ å *O æ  ø 9HUVXF á/ò D æ 'L Ú 5HDNWLRQVJHPLVFK Ú ZXU Ý!Ú$Þ L Þ YHUGQQW Ú
.2+/|VXQ êUù EHUIKUWX ì GL ÚUù EHUVFKVVLJ Ú$Þ 0HWDOOFKORUL Ý!Ú ] ãcá \GURO\VLHUHQ
*O
*O
'H ç $QWLPRQNRPSOH ñ J NRQQW ÚVâ$ã F áÝ LUHN å GXUF á 8PVHW]XQ ê Y ö$Þ .Ü >@ PLW
6E&O ú L Þ 3\ULGLQ'0 ä RGH ç 3\ULGLQ'06 û GDUJHVWHOO å ZHU Ý!Ú$Þ *O æ  ø 9HUVXF á
E1DF áÇÝ!Ú$ç +\GURO\V Ú ZXU Ý!Ú$ÞÇÝ L Ú DXVJHIDOO Ú$ÞCÚ$Þâ QRUJDQLVFKH Þ 6DO] ÚcÝ$ã UF á
)LOWUDWL ö$Þ XQ Ý =HQWULIXJDWLR Þ DEJHWUHQQW æ 1DF á GH ì (QWIHUQH ÞcÝ!Ú$ç /|VXQJVPLWWH ô
ZXUG ÚmÝ L Ú ZHLWHU Ú $XIDUEHLWXQ ê GH ç .RPSOH[ Ú I XQ Ý J DQDOR ê GH ç $XIDUEHL
WXQ ê GH Û $OXPLQLXPNRPSOH[H Û D GXUFKJHIKU å 6%LWK)lOOXQJ ø ,RQHQWDXVFK ø
8OWUDILOWUDWLRQ ø VLHK Ú .DSLWH ô  æ 0D Þ HUKLHO å GL Ú .RPSOH[ Ú . ü >I@ XQ Ý . ü >J@
LQ $XVEHXW Ú$Þ Y ö$ÞÇý!þcß L Þ )RU ì Y ö$Þ LQQHUH Þ 6DO] Ú$Þ $EE
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$EE   	 6FKHPDWLVFK  'DUVWHOOXQ 
 GH  LQQHU  6DO]  $UVHQ X  $QWLPRQ
NRPSOH[  .  >02+  WSSV  @  $V6E
(L  LQGLUHNW  6\QWKHV  UF  6XOIRQLHUXQ 
 RGH  &KORUVXOIRQLHUXQ 
 GH  OLSRSKL
O  .RPSOH[  L  N IKUW  L  DOO  )lOOH  ] ﬀ LQH  (QWPHWDOOLHUXQ 
ﬁﬁ
WHLOZHLV  VXOIRQLHUWH ﬂ IUHL  3RUSK\UL  
 8OWUDILOWUDWL ﬃ  DO ! 5HLQLJXQJVPHWKRG " I # ZDVVHUO|VOLFK "
3RUSK\ULQH
'L  8OWUDILOWUDWL $ LV % HL  L ﬀ H  %LRFKHPL  KlXIL 
 DQJHZDQGW  7HFKQL & ]X  $E
WUHQQXQ 
 Y $'$ FKPROHNXODU  3URWHLQJHUVWHQ  $XF  $EWUHQQXQJ  Y $ .RO
ORL )(* HLQH  /|V +,
 ZHU  PL % GH ﬂ %HJULI - +RFKOHLVWXQJV RGH  8OWUDILOWUD
WL $. ]HLFKQH %/ 'L  ]X  5HLQLJXQ 
 Y $ 3RUSK\UL  YHUZHQGHW  7HFKQL & LV % NHL
 8OWUDILOWUDWL $ L ﬂ NODVVLVF  6LQQH  ( * ZLU 0 LH  QLFK % HL  )HVWVWRI - Y $) LQH 
/|VXQ 
 DEJHWUHQQW 1 VRQGHU  HLQ  KRPRJHQ  ZlULJ 32,4 VXQ 
 HQWVDO] %/ 'L  ] 
UHLQLJ  6XEVWDQ 5 ZXU  L  :DVVH  JHO|V %6 L 0 LQH  VSH]LHOO  ]\OLQGHU
I|UPLJ  3OH[LJODVEHKlOWH 87 0RGH 9 9  : PL % HLQH ﬂ 9ROXPH  Y $  ;; P 9 HLQJH
IOOW$ ﬂ XQWHUH  (QG  EHID  VLF  HLQ  0HPEU ( $PLF $ 'LDIOR < <0   =
PP 1 GHU  $XVVFKOXJUHQ] >.?A@B;;; 'DOW $ ODJ  'XUF  JHHLJQHWH * 4XHOOYHU
KDOWH C LQH  3RO\PHUVFKLFK % L  :DVVHU 1 GL  DX- HLQH ﬂ 7UlJHUPDWHULD 9 DXIJH
EUDFK % ZDU 1 VROOW  6XEVWDQ]  PL % HLQH  K|KHU  0ROPDVV ﬁ L  0HPEUD >
L  JHULQJ  0HQJ  XQJHKLQGHU % SDVVLHUH  N|QQHQ 1 ZlKUHQ  6XEVWDQ]  PLW
HLQH  NOHLQHU  0ROHNOPDVVH 1 ]  %  DQRUJDQLVF  6DO]H 1 GL  0HPEUD  GXUFK
GULQJ  VROOWHQ  ' ( GL  6FKZHUNUDI % GH  /|VXQ 
 ZHJ ﬁ* VHK  JHULQJ 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G $V 1 6E
+\GURSKLO H +DXSWJUXSSHQPHWDOONRPSOH[H

HU]LHOHQ I ZXU JH0J L H $SSDUDWX K PL L 6WLFNVWRI M XQWH K HLQH N 'UX OP Y QRTS  UWVXK EH
WULHEH R XQ J PL L HLQH N 0HWDOOJUWH Y JHNODPPHUW Z - H[RX F \ 6DO]JHKDO L]I $U L_^+R,J
0HQJ H'JH` 3RUSK\ULQNRPSOH[H ` ZXU JHR L Nba LWWH Y 'XUFKIOXUDWH R Y QRWcd PO \
HU]LHO L/Z =X K .RQWUROO H ZXU JH L R UHJHOPlLJH R $EVWlQGH ReJ L H HOHNWULVF \H3f,H LWIl
KLJNHL L GH ` )LOWUDW ` EHVWLPP L/Z 3HQGHOW HgJ LHV H VLF \gVHh HLQH N NRQVWDQW HR :HUW
Y QR FD Z  ijd P k HLQ I ZXU JHJX Y QRlX^ VJHJDQJHQ I GD m NHLQ H ZHLWHU HRlX QRUJD
QLVFKHQ I VDO]DUWLJ HR 9HUELQGXQJ HR PHK K L R GH K /|VXQ n ZDUHQ I^RJ)J L H )LOWUDWLR R
ZXU JHoVHHRJ H L/Z 'H N VHK K JHULQJ HR 6DO]JHKDO L GH K JHUHLQLJWH R 6XEVWDQ] HR
QDF \pH LQH K VROFKH R )LOWUDWL QR VWDQGH R JHULQJ H $XVEHXWHYHUOXVW H JHJHQEHU Z *H
U XJH ] ^ %HJL RRH LQH K 8OWUDILOWUDWLR R ]HLJW HRJ L H )LOWUDW HeH L RH>JH^ WOLF \H )lUEXQJ
ZD ` EHGHXWHWH I GD m GL H 3RUSK\ULQPROHNO H QLFK L YROOVWlQGL n Y QR GH K 0HPEU XjR
]XUFNJHKDOWHQ ZXUGHQ Z ( ` ZLU J YHPXWHW I GD m QHEH ReJHK 0ROPDVV H'X^ F \eJ L H
*HRPHWUL HqJHK 0ROHNO H Y QR JURH K %HGHXWXQ n I K GH R 5FNKDOWHJU XJ LV L/Z 6WlU
NH K YHU]ZHLJW H .RPSOH[ H PL L $[LDO/LJ XRJHR ZHU JHR VWlUNH K ]XUFNJHKDOW HRpX O `
IODF \H JHUDGNHWWLJH= ^ %HJL RR LVWMHGRF \ GH K 6DO]JHKDOWGH K /|VXQ n D N JU|W HjR
^RJ ND RRRH E HRrH L R SDD K 6SXU HRrQ UJDQLVFKH K /|VXQJVPLWWH Y GD ` 4XHOOYHUKDOWH R
GH K 0HPEUDQ I HL RH $XIZHLWXQ n GH K 3RUHQ I YHUlQGHUQ Z ' XsJ L H 0ROHNOPDVV HjR
GH K V\QWKHWLVLHUW HR 9HUELQGXQJH R QX K NQDS t EH K  dd 'DOW QR ODJHQ I NRQQW H
HL RH JHULQJ H 9HUlQGHUXQ n L N 4XHOOYHUKDOWH R GD] ^ IKUHQ I GD m HL R NOHLQH K 7H h Y
GH K 3UREHPROHNO H GXUF \'J L H 0HPEUD Ru\ LQGXUFKZDQGHUWH Z ( ` PXW HR (LQEX
 HR EH]JOLF \pJHK $XVEHXW H Y QRV L ` ] ^  cqv KLQJHQRPPH R ZHUGHQ Z 'DI K ZXU
JHR MHGRF \rJ L H 6XEVWDQ] HRqRX F \ GH K )LOWUDWLR R L R KRKH K 5HLQKHL L HUKDOWHQ Z ( ` LVW
GDUDXM KLQ]XZHLVHQ I GD m HL RH hEHUODGXQ n GH K 8OWUDILOWUDWLRQV]HOO H ] ^3JH^ WOLF \
VFKOHFKWHU HR (UJHEQLVV HR IKU HR NDQQ Z ( `r` ROOW HR GDKH K PD[LPD Ycdd P n 6XE
VWDQ]GL H L R  d P Y :DVVH K JHO|VWZDUHQ I ILOWULHUWZHUGHQ
$QDO\WLVF wx &KDUDNWHULVLHUXQJ

 $QDO\WLVFK y X z|{ VSHNWURVNRSLVFK y &KDUDNWHULVLH
U }~z|{ H  GDUJHVWHOOWH z 3RUSK\ULQNRPSOH[H
 (OHNWURQHQDQUHJXQJVVSHNWURVNRSLH
 $EVRUSWLRQVVSHNWURVNRSLH
(L x FKDUDNWHULVWLVF w,x (LJHQVFKDI  Y  3RUSK\UL xg Q  LKUH  0HWDOONRPSOH[ x
LV  LKU xﬁ XIIlOOL  LQWHQVLY x )DUEH Ł 6L xWx UXK  DX GH  $EVRUSWL  Y  VLFKWEDUH 
/LFK  GH  GDPL  YHUEXQGHQH  $QUHJXQ  Y  SS(OHNWURQHQEHUJlQJ x L 
HLQH  DX B S(OHNWURQH  EHVWHKHQGH  3RUSK\ULQV\VWHP Ł 'L x 0HVVXQ  GH 
/LFKWDEVRUSWLR x VROFKH  3RUSK\ULQV\VWHP xq LHQ  QLFK  QX  ]  LKUH  &KDUDNWHUL
VLHUXQJ  VRQGHU p F w ]X  9HUIROJXQ  Y  0HWDOOHLQEDXUHDNWLRQHQ  GHU x 5HDN
WLRQVYHUODX DQKDQ  Y  9HUlQGHUXQJ x' H  %DQGHQODJH  DQ]DK  LQWHQ
VLWl  L  6SHNWUX  EHREDFKWH  ZHU x NDQQ)UHL x 3RUSK\UL x ZHLV x L  899LV
6SHNWUX  L  %HUHLF w Y >   HLV  IQ $EVRUSWLRQVEDQ x XŁ 0H
WDOOSRUSK\ULQDW x ]HLJ x UF wx L x 6\PPHWULHHUK|KXQ  PHLV  GUH  %DQGHQ  GL x
M x F w 0HWD   FKDUDNWHULVWLVF w YHUVFKREH  VLQG Ł %HL x 9HUELQGXQJVNODVVH 
]HLJ xﬀx HWZ   jl HLQ xTx VRQGHU  LQWHQVLY x %DQG x PL  HLQH  ([WLQN
WLRQVNRHIIL]LHQW x Y  H    Ł 3RUSK\UL x ]lKO x VRPL  ] ex 9HUELQGXQJH 
PL  GH  K|FKVWH  ([WLQNWLRQVNRHIIL]LHQWHQ Ł 'L x *UXQGODJ x I  GD  9HUVWlQGQL 
GH  (OHNWURQHQDQUHJXQJVVSHNWU x GH  3RUSK\UL x VWHOO  GD  Y  *RXWHUPDQ 
HQWZLFNHOWH 9LHU2UELWDO0RGH   GDU   ¡£¢ ¤ ¡/¥ ¤ ¡ ¦ %H  GLHVH  0RGH   ZHU x L x TXDQ
WHQPHFKDQLVF w EHUHFKQHWH  *UHQ]RUELWDO x GH  S(OHNWURQHQV\VWHP  I  GL x
(UNOlUXQ  GH  (OHNWURQHQEHUJlQJ x Y  0HWDOOSRUSK\ULQDWH  RGH  ]ZHLIDF w)§ UR
WRQLHUWHQ 3RUSK\UL x PL  ' ¨£© 6\PPHWUL x KHUDQJH]RJHQ Ł (OHNWURQHQEHUJlQJ x




+202CV ¬)G H G QEHVHW]WHQ  DQWLELQGHQGH  S2UELWDO x­x ® /8
02CV  GL xx WDUWH  VLQG  VWD ¯ $EE Ł  Ł ' x FKDUDNWHULVWLVFKH  $EVRUSWLRQV
EDQ x L  6SHNWUX  N|QQ x EHVWLPPW x hEHUJlQJ x ]ZLVF wxﬀ LHV x 2UELWDOH 
]XJHRUGQH  ZHUGHQ Ł 'L x LQWHQVLYVW x $EVRUSWLRQ  GL xG UF w­x LQH  (OHNWURQHQ
EHUJDQ  ]ZLVF wx H  WLHIVWOLHJHQGH  +20 °± G x H ® 2UELWDO xlwx UYRUJH
UXI x ZLUG  HUVFKHLQ  D _x *UHQ] x ]ZLVF wx VLFKWEDUH  /LFK  X , XOWUDYLROHWWH 
6WUDKOXQ  XQ  ZLU e O  6RUHW RGH  %%DQG xx ]HLFKQHW Ł 'L x OlQJVWZHOOLJ x $E
$QDO\WLVF ²³ &KDUDNWHULVLHUXQJ

VRUSWLRQ ´ GL ³ GXUF ² HQHUJLHlUPHU ³ hEHUJlQJ ³ ]ZLVF ²³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N C D Y EF ZHLWDX G JU|HUH H %HGHXWXQJ I (L F
B 5FNNHK H L F,JBF *UXQG]XVW KF
J L F
)RU L HLQH G!G WUDKOXQJVORV BF =HUIDOO G N M NF




JTJ LHVH H (LJHQVFKDIW BF ILQGH F 3RUSK\UL F
B JUR B $QZHQG NUFV DO G 3KRWR
VHQVLELOLVDWRUH F L F GH H SKRWRG\QDPLVF A
BF 'LDJQRVWL W 3'' DXNF
J 7XPRUWKHUDSL B
3'7 Y Z\[ ] $XF A L F^E_ WLVF A
BF 0HWKR JBF I H GL B .RQ]HQWUDWLRQVEHVWLPPXQJH F YR F
6DXHUVWRI ` GXUF A 3KRVSKRUHV]HQ]$XVO|VFKXQ V ZHU JBF 3RUSK\UL F
B YHUZHQ
GHW Y Z\a b Z%c ] ,QWHUHVVDQ P LV P L FQJ LHVH L =XVDPPHQKDQ V HL F
B %HVWLPPXQJVPHWKR JUB
Y EF $OEXPL FﬃNF
J *OREXOL F L L PHQVFKOLFK BF %OX P GXUF A )OXRUHV]HQ]DXVO|VFKXQ V
RKQ B YRUKHULJ B 7UHQQXQJ Y [ed ] $OOHUGLQJ G ZLU J6A LHUEH f HL F WHWUDVXOIRQLHUWH G $OXPL
QLXPSKWKDORF\DQL F YHUZHQGH P0IhgiL IROJHQGH F $EVFKQLW P VR j j DX` GL B )OXRUHV]HQ]
HLJHQVFKDIW BFkJBH 3RUSK\UL F
BlF
m KH H HLQJHJDQJ BF ZHUGHQ
 )OXRUHV]HQ]VSHNWURVNRSLH
1DF A (QHUJLH]XIXK H X F
J hEHUIKUXQ V HLQH G (OHNWURQ G GH G 3RUSK\ULQPROHNO G L F
JBFlKF JHUHJWH F =XVWD F
J 6 n D LV P GLHVH G (HOHNWU EF PHLV P QLFK P L L 6FKZLQJXQJV
JUXQG]XVW KF
J(J LHVH G DQJHUHJW BF =XVWDQGHV I 'L BoR
B UVFKVVLJ B 6FKZLQJXQJV
HQHUJL B ND FFpJN UF A LQWHUPROHNXODU B 6W| B6K O G :lUP B L FpJ L B 8PJHEXQ VqK EJH
J BR
BF ZHUGHQ N r D XQ J5JKG 3RUSK\UL F VRPL P GXUF A VWUDKOXQJVORV B hEHUJlQJ B
]ZLVF A
BFsJBF (QHUJLHQLYHDX G L FﬃB LQH F =XVWD F
J 6 M D PL P GH H 6FKZLQJXQJVTXDQ
WHQ]DK j 1X j j EHUIKU P ZHUGHQ I 9 EFtJ LHVH L =XVWDQ J NDQ F XQWH H $EJ KR
B YR F
QLHGHUIUHTXHQWH H 6WUDKOXQ V N u D GH H *UXQG]XVW KF
J 6 v D ZLHGH H HUUHLFK P ZHUGHQ
'L B Y EFlJBH XQWHUVXFKW BF 3URE B L FsK OO B 5LFKWXQJ BFsB PLWWLHUW B 6WUDKOXQ V NDQ F L F
)OXRUHV]HQ]NYHWW BF VHQNUHFK P ]X L HLQJHVWUDKOWH Fﬃw LFK P GHWHNWLHUWZHUGHQ
3RUSK\UL F
B VRZL B 0HWDOOSRUSK\ULQDWH x L F GHQ BFﬃJKG 0HWD j j HL F
B DEJHVFKORVVHQ B
(OHNWURQHQVFKDO B EHVLW] Pex ]HLJ BF )OXRUHV]HQ] Y [%a ] ( G ZD H VRPL P P|JOLFK x GL B V\Q
WKHWLVLHUWH F 0HWDOONRPSOH[ ByJBG 7HWUDSKHQ\OSRUSK\ULQ GzNF
JyJBG 7HWUDNLV
VXOIRQDWRSKHQ\SRUSK\ULQ G DX` LKU B )OXRUHV]HQ]HLJHQVFKDIW BF ] N{NF WHUVXFK BF
NF
J ] N YHUJOHLFKHQ I 'L B|B LQ]HO F
BF 3UR R
BF ZXU JBF L F VDXHUVWRIIKDOWLJH L '06 }
JHO|V P XQ J,R
Bf HLQH H :HOOHQOlQJ B Y EF|~ Q L DQJHUHJ P0I 0HVVXQJ BF L F VDXHU
VWRIIIUHLH L '06 } HUJ KR
BF NHL F
B 9HUlQGHUXQJ BFR




$EE  )OXRUHV]HQ]VSHNWUX  Y  D L  :DVVHU
$OO l WHUVXFKW  .RPSOH[  ]HLJW ^ L  I Ł 0HWDOOSRUSK\ULQDW  1RUPDO7\S 
] p UZDUWHQGH  )OXRUHV]HQ]VSHNWUX y L  ]ZH  FKDUDNWHULVWLVFKH  %DQG  ]ZL
VF 
   X 
   QP  GL  H  4  XQ  4  hEHUJDQ  ]X]XVFKUHLEH 
VLQG $EE    )UHLH  7HWUDSKHQ\OSRUSK\UL |
 GD  L S
 UD6WHOOXQ  GH Ł 3KH
Q\OULQJ  YLHUIDF  VXOIRQLHUW  7HWUDNLVVXOIRQDWRSKHQ\OSRUSK\UL   ]HLJW  )OX
RUHV]HQ]EDQGH  EH    X 
ﬃU 7DEHOO  
7DEHOO    9HUJOHLF  GH Ł )OXRUHV]HQ]EDQGHQODJ 6Ł OLSRSKLO  XQ ﬀ \GUR
SKLO  0HWDOONRPSOH[ !Ł 3RUSK\UL 
  X 
  EH      L  '062  O >QP@
1U .XU]IRUPHO 4 4 1U .XU]IRUPHO 4 4
D $O2+WSS   D >$O+  2WSSV   @ ¡ ¢  
F *D2+WSS   E >*D+  2WSSV   @ ¡ ¢  
H ,Q&OWSS   F >,Q+  2WSSV   @ ¡ ¢  
I *H2+  WSS   G >*H&O  WSSV   @
 
¢  
K 6Q&O  WSS   H >6Q2+  WSSV   @
 
¢  
M >$V2+  WSS@
2+
  I >$V2+  WSSV   @ ¡ ¢  
N >6E&O  WSS@&O   J >6E2+  WSSV   @ ¡ ¢  
























(L ½ 9HUJOHLF »|¾¼¿ (PLVVLRQVVSHNWU ¼½ ]HLJ ÀeÁ GD Â VLF »|¾ L ¼ %DQGHQODJ ¼½|¾¼¿ EHL
¾¼½ 3RUSK\ULQV\VWHP ¼p½Ã¿ X Ä HWZ Å6ÆÇ|½Ä YRQHLQDQGH ¿ XQWHUVFKHL ¾¼½ 7DEHOO ¼
 È %H]JOLF »!¾¼¿ IUHL ¼½ 3RUSK\UL ½
¼ VL ½
¾ﬃ¾ L ¼ %DQGH ½ﬃÃUÄ HWZ Å  Ç Q Ä K\SVRFK
UR Ä YHUVFKREHQ È (LQ ¼ 9DULDWL É½3¾¼Ê =HQWUDOPHWDOO Ê ]HLJ À NHL ½
¼½3¼ UKHEOLFKH ½
(LQIOX Â DXË GL ¼ /DJ ¼ GH ¿ %DQGHQ
 %HVWLPP ÌÍÎSÏ H Ð )OXRUHV]HQ]DXVEHXWHQ
1 ¼Ñ
¼½ GH ¿ /DJ ¼,¾¼¿ %DQG ¼½ L Ä )OXRUHV]HQ]VSHNWUX Ä ZXU ¾¼½ DXF »6¾ L ¼ )OXR
UHV]HQ]DXVEHXWH ½ GH ¿ HLQ]HO ½
¼½ 0HWDOOSRUSK\ULQDW ¼ÒÑ
¼ VWLPP À0È +LHU] Ã ZXU ¾¼½
HWZ ÅpÆÇ Ó Ô Õ /|VXQJ ¼½k¾¼¿ 3UREH ½ L ½ VDXHUVWRIIKDOWLJH Ä 'LPHWK\OVXOIR[L ¾¼ UVWHOO À
XQ ¾ PHKUIDF »qÃÄ HWZ Å6¾ L ¼ +lOIW ¼ YHUGQQW È 9R ½ GH ½ MHZHLOLJ ¼½ 9HUGQQXQJV
UHL »
¼½ ZXUGH ½ VRZRK Ö 899LV DO Ê DXF » )OXRUHV]HQ]VSHNWU ¼½ DXIJHQRPPHQ
) ¿ GL ¼ $XIQDKP ¼S¾¼¿ 899LV6SHNWUH ½ ZXU ¾¼½ 4XDU]NYHWW ¼½s¾¼¿ /lQJ ¼|× F Ä
YHUZHQGH ÀeÁ X Ä GL ¼ $EVRUSWL É½ P|JOLFKVW J ¼½
ÅÃ(Ñ
¼ VWLPP ¼½ ] Ã N|QQHQ È $XVJH
KHQ ¾ Y É½^¾ H Ä 9HUKlOWQL Ê GH ¿ HPLWWLHUWH ½ ] Ã G ¼½ DEVRUELHUWH ½ 3KRWR ½
¼½ Ol À VLF »
GL ¼ )OXRUHV]HQ]TXDQWHQDXVEHXW ¼ ) GXUF » 9HUJOHLF » PL À HLQH ¿ EHNDQQW ¼½ 4XDQ


























































½!å %UHFKXQJVLQGH æ GH Ê /|VXQJVPLWWHOV
(L ½
¼ JHQDXHU ¼ %HVWLPPXQ ç¾ H ¿ )OXRUHV]HQ]DXVEHXW ¼ ZXU ¾¼ﬃ¾Ã UF » JUDSKLVFKH Ê
$XVZHUW ¼½q¼ U]LHO À0È 'L ¼ HLQ]HO ½
¼½ :HUWHSDDU ¼ÅÃ
Ê GH ¿ $EVRUSWL É½Ã½




WHJUD ê XQWH ë GH ë )OXRUHV]HQ]NXUY é ZXU ìéí L íqé LQH î 'LDJUDP î JHJHQHLQDQGH ë
DXIJHWUDJ éí X í
ìpì L é 6WHLJXQ ï GH ë *HU ðìéílìñ UF è OLQHDU é 5HJUHVVL òípó
é VWLPPW
$EE ô  ô 'XUF è 9HUKlOWQLVELOGXQ ï ] ñ6ìéë 6WHLJXQ ï GH ë 5HIHUHQ]JHU ðìéí6é U






'LHVH ø 9HUIDKUH í KD ù GH í 9RUWHLO ú GD û GHXWOLF è ] ñlé UNHQQH í LVW úòó P ðí L í GH î
ULFKWLJ éí .RQ]HQWUDWLRQVEHUHLF èüð UEHLWH ù0ô 1X ë EH ý DXVUHLFKHQGH ë 9HUGQQXQ ï
ZLU ì6é L í OLQHDUH ë =XVDPPHQKDQ ï ]ZLVF è
éíQìéë ,QWHJUDOIOlFK é,ñíì GH ë $EVRUS
WL òí,é UKDOWHQ ô (YHQWXHOO é 0HZHUWIHKOH ë GXUF è 5HDEVRUSWL òí,ò GH ë XQVDXEHUH ø
$UEHLWH í N|QQH í VRPL ù HOLPLQLHUWZHUGHQ
$EE ô  þ %HVWLPPXQ ï GH ë )OXRUHV]HQ]TXDQWHQDXVEHXWHQ
(L í
é .RUUHNWX ë GXUF è GL é %UHFKXQJVLQGL]H ø GH ë YHUVFKLHGHQH íÒß  VXQJVPLWWH ê
ZD ë QLFKWQ|WLJ ìðð OO é 0HVVXQJ éí L í 'LPHWK\OVXOIR[L ììñ UFKJHIKU ù ZXUGHQ$O ø
5HIHUHQ]VXEVWDQ  ZXU ìéìéë =LQNNRPSOH  GH ø 7HWUDSKHQ\OSRUSK\ULQ ø YHUZHQ




1DF è (UPLWWOXQ ï GH ë MHZHLOLJ éí 6WHLJXQ ïSñí
ì 9HUZHQGXQ ï Y òí *O ô  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HUKLHO Q P RTS I U GL P 4XDQWHQDXVEHXWH SWVXPTU XQWHUVXFKW PTS 0HWDOOSRUSK\ULQDW PYV L P
L S 7DEHOO P  JH]HLJW PTS :HUWH
7DEHOO P )OXRUHV]HQ]DXVEHXW PTSZVXPTU 0HWDOOSRUSK\ULQDW P L S '062 []\ &
1U .XU]IRUPHO ) ^ 1U .XU]IRUPHO ) ^
D $O2+WSS  D >$O+ _ 2WSSV ` @ a b 
F *D2+WSS  E >*D+ _ 2WSSV ` @ a b 
H ,Q&OWSS  F >,Q+ _ 2WSSV ` @ a b 
I *H2+ _ WSS  G >*H&O _ WSSV ` @
`
b 
K 6Q&O _ WSS  H >6Q2+ _ WSSV ` @
`
b 
M >$V2+ _ WSS@2+  I >$V2+ _ WSSV ` @ a b 
N >6E&O _ WSS@&O  J >6E2+ _ WSSV ` @ a b 
'L PdcP VWLPPW PTS )OXRUHV]HQ]DXVEHXWH S OLHJ PTS ]ZLVF OPTSeVXPTS Y fTS *RXWHUPD S I U
0HWDOONRPSOH[ PgVXPXh 1RUPDOW\S h HUZDUWHW PTS :HUWH S Y fTSe\  [ji ) ^ i  b a  k l
m n 'HXW
OLFK LV Q GH U (LQIOX o GH h =HQWUDOPHWDOO h HUNHQQEDU p 0L Q ]XQHKPHQGH U $WRPPDVV P
GH h 0HWDOO h QLPP Q GL P )OXRUHV]HQ]DXVEHXW PeRTc $EE p 
$EE p  q (LQIOX o GH U $WRPPDVV P DXr GL P )OXRUHV]HQ]TXDQWHQDXVEHXWH




























'LHVH ¥ (LQIOX ¦ ZLU §©¨ O ª 6FKZHU$WRP(IIHN « EH]HLFKQH «­¬ 'DUXQWH ¥ YHUVWHK « P ¨]®
HL ®¤T® 6\VWHPEHUJD ®¯ N ° ± Y ²T®/¤ LQH ³ 6FKZLQJXQJVQLY ¤X¨T´/§X¤Xª 6LQJXOHWW ] ´
HLQH ³ 6FKZLQJXQJVQLY ¤X¨T´W§X¤Xª 7ULSOHWW=XVWDQGHV µ GH ¥ D ³ 6FKQLWWSXQN « GH ¥ MH
ZHLOLJ ¤T® 3RWHQWLDONXUY ¤T® P|JOLF £ LV «­¬ 'LHVH ¥ 9RUJDQ ¯ ZLU §¶§T´ UF £Y¤ L ® VFKZHUH ª
$WR ³ HUOHLFKWHU «·µ EH ¸ GH ³ HLQ ¤ VWDUN ¤ 6SLQ%DKQ.RSSOXQ ¯ YRUOLHJ «·µ GL ¤¹§ L ¤ 3DD
UXQ ¯ GH ¥ (OHNWURQ ¤T® DXIKHEH ® ND ®X®/´ Q §º§ L ¤ (OHNWURQH ® VRPL « L ® HLQH ® XQJH
SDDUWH ® =XVWD ®§¼» EHUJ ¤T£¤T® N|QQHQ ¬ $X½ HL ®¤¾¨T´ VIKUOLFKHU ¤ (UNOlUXQ ¯ ZLU §¾¨ ®
GLHVH ¥ 6WHOO ¤ YHU]LFKWH «¿´X®§W¨ X½ /HKUEFKH ¥ GH ¥ 3K\VLNDOLVF £¤T® &KHPL ¤ YHUZLH
VHQ À Á­Â Ã
(LQH ¥ Y ²T®Ä§X¤T® $OXPLQLXPNRPSOH[ ¤T®WÅ L ª ] ´ G ¤T® $QWLPRQNRPSOH[H ® DEQHKPHQ
§X¤T® )OXRUHV]HQ Æ PW ¤¼¤ L ®¤ ]XQHKPHQG ¤ 3KRVSKRUHV]HQ Æ JHJHQEHUVWHKHQ
'L ¤ $QWLPRQNRPSOH[ ¤ VROOW ¤T®Ç§ LH K|FKVW ¤ 3KRVSKRUHV]HQ]DXVEHXW ¤È§ LHVH ¥
5HL £¤ EHVLW]HQ ¬ (L ®¤ %HVWlWLJXQ ¯ GLHVH ª 7UHQG ª NRQQW ¤ L ®Y§ LHVH ¥ $UEHL « OHLGH ¥
QLFK « XQWHUVXFK « ZHUGHQ ¬EÉÊ³ 9HUJOHLF £Ä§X¤T¥ EHL §X¤T® 3RUSK\ULQV\VWHP ¤ ]HLJ ¤T®Ä§ L ¤
MHZHLOLJ ¤T® 7HWUDNLVVXOIRQDWRSKHQ\OSRUSK\UL ®¤º¤ L ®¤Ë£ |KHU ¤ )OXRUHV]HQ]DXV
EHXWH ¬ 0L « :HUWH ® Y ²T® ) Ì Í  ÎdÅ ]Z ¬  Ï3ÐXÐ OLHJ ¤T®Ñ§ L ¤ IUHLH ® 3RUSK\UL ®¤  XQ §
 L ³ GXUFKVFKQLWWOLFK ¤]® %HUHLFK
$EVFKOLHH ®§ Ol « VLF £ VDJHQ µ GD ¦ GL ¤Ò´X® WHUVXFKWH ® 3RUSK\UL ®¤Ë¤ L ®¤Ë¨T´ VJH
SUlJW ¤ )OXRUHV]HQ ÆÓÆ HLJHQGL ¤ XQWH ¥ 9RUDXVVHW]XQ ¯ GH ¥Ô¥ LFKWLJ ¤T® .RQ]HQWUDWL ²]®
L ³ 7DJHVOLFK « PLWGH ³ EOR ¤T® $XJ ¤ EHREDFKWHWZHU §X¤T® NDQQ
 6FKZLQJXQJVVSHNWURVNRSLH
'L ¤ 6FKZLQJXQJV RGH ¥ ,56SHNWURVNRSL ¤ ZLU §Ò¨ O ª ]XYHUOlVVLJ ¤ 0HWKRG ¤ ]X ¥
,GHQWLIL]LHUXQ ¯ IXQNWLRQHOOH ¥ *UXS Õ¤T® L ®Ö² UJDQLVF £¤T® 0ROHNOH ® KHUDQJH]R
JHQ À Á
× Ã 'XUF £ $EVRUSWLR ® Y ²T® 6WUDKOXQ ¯ L ³ LQIUDURWH ® %HUHLF £ GH ª HOHNWURPDJ
QHWLVFK ¤T® 6SHNWUXP ª ZHU §X¤T® 0ROHNOVFKZLQJXQJ ¤T®Ø´ Q § URWDWLRQH ®¶¨T® JHUHJW
GL ¤Ù¤ QWZHGH ¥ GLUHN « DO ª $EVRUSWLRQH ® L ³ ,QIUDURW6SHNWUX ³ RGH ¥ LQGLUHN « DO ª
6WUHXVWUDKOXQ ¯ L ³ 5DPDQ6SHNWUX ³ VLFKWED ¥ ZHUGHQ ¬ 'L ¤ $EVRUSWLRQVEDQGH ®
L ³ 6SHNWUX ³ N|QQ ¤T® FKDUDNWHULVWLVFK ¤T® *HUVW RGH ¥ *UXSSHQVFKZLQJXQJ ¤T®
EHVWLPPWH ¥ IXQNWLRQHOOH ¥ *UXSSHQ µ GL ¤ L ® G ¤T® MHZHLOLJ ¤T® 0ROHNO ¤T®Ú¨ XIWUHWHQ µ
HLQGHXWL ¯ ]XJHRUGQH « ZHUGHQ
$QDO\WLVF ÛÜ &KDUDNWHULVLHUXQJ

'L Ü ,56SHNWUH Ý GH Þ 3RUSK\UL ÝÜ ZHLV ÜTÝ Z ÜXßXÜTÝ GH Þ ]DKOUHLFKH Ý 6FKZLQJXQJV
P|JOLFKNHLWH Ý¾àXÜXá 3RUSK\ULQJHUVWH á HL ÝÜ 9LHO]DK â Y ãTÝ %DQGH Ý¾ä Xå­æ GHU ÜTÝ JH
QDX Ü =XRUGQXQ ß©ã I ç QX Þ HPSLULVF Û JHOLQJ çéèXÝàYÜ LQ Ü ,QWHUSUHWDWLR ÝdàXÜTÞ 6SHNWUH Ý
VFKZLHUL ß PDFKW ê ë
ì í ë
ë î )XQNWLRQHOO Ü *UXSS ÜTÝeäTÝ 3RUSK\UL ÝÜTÝ X Ýà $[LDO/LJDQGH Ý
N|QQ ÜTÝ MHGRF Û JX ç LGHQWLIL]LHU ç ZHUGHQ ï $[LDO/LJ äTÝàXÜTÝ ZHU àXÜTÝ RåJç DXF Û GXUF Û
FKDUDNWHULVWLVFK Ü 0HWDOO/LJDQG6FKZLQJXQJH Ý LGHQWLIL]LHU ç­ï :HLWHUKL Ýðà LHQ ç GL Ü
,56SHNWURVNRSL Ü ]X Þ .RQWUROO Ü GH á 0HWDOOHLQEDXV ï 'LHVH Þ Ol ç VLF Û L ñ )LQ
JHUSULQWEHUHLF Û¾è QWH Þ  òXóXó FP ô õ HUNHQQHQ ï (L ÝÜ .RPSOH[LHUXQ ß GH á 3RUSK\ULQ á
äTÝÑÜ L Ý 0HWDOOL ãTÝ LV ç GXUF ÛÑà L Ü $EQDKP Ü GH Þ %DQGHQ]DK â DXIJUXQ à GH Þ (UK|KXQ ß
GH Þ 6\PPHWUL Ü¶Ü UNHQQEDU ï $XHUGH ñ LV ç GL Ü YROOVWlQGLJ Ü 0HWDOOLQVHUWL ãTÝ GXUF Û
$EZHVHQKHL ç GH Þ 1+9DOHQ]VFKZLQJXQ ß EH ö  ó FP ô õ JX ç ] è÷Ü UNHQQHQ ï 'L Ü
YRUOLHJ ÜTÝàXÜTÝ .RPSOH[ ÜËàXÜXá 7HWUDSKHQ\O èXÝà 7HWUDVXOIRQDWRSKHQ\OSRUSK\ULQ á
ZXU àXÜTÝ L Ý )RU ñ Y ãTÝ .%U3UHOLQJ ÜTÝ L ñ UH]LSURN ÜTÝ :HOOHQOlQJHQEHUHLF Û YR Ý
 óÄø L á  óXó FP ô õ XQWHUVXFK ç­ï ' äÑà L Ü FKDUDNWHULVLHUW ÜTÝ 3RUSK\ULQV\VWHP Ü LPPH Þ
ZLHGHUNHKU ÜTÝàXÜ 6FKZLQJXQJVW\ ùÜTÝ ]HLJHQ æ ZHU àXÜTÝgà L Ü I Þ GD á 3RUSK\ULQJHUV ç
W\SLVF ÛÜTÝ %DQGHQODJH Ý L Ý 7DEHOO Ü  ]XVDPPHQJHID ç­ï (LQ Ü $XIIKUXQ ß H[DN
WH Þ %DQGHQODJ ÜTÝ GH Þ MHZHLOLJ ÜTÝ 3RUSK\ULQV\VWHP Ü ILQGH ç VLF Û L ñ H[SHULPHQWHO
O ÜTÝ 7H ö â GLHVH Þ $UEHLW
7DEHOO Ü  ú =XVDPPHQIDVVXQ ß GH Þ ,5'DW ÜTÝ GH Þ XQWHUVXFKW Ü]Ý 3RUSK\ULQ
NRPSOH[H æ .%U3UHOLQJ æ :HOOHQ]DK âTö Ý FP ô õ æ L Ý .ODPPHU Ý ,QWHQVLWl ç 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VL ¹+ºº L ¶ /DJ ¶º$¶ ¸ 6WDUW XQ º 8PNHKUSRWHQWLDO ¶ VRZL ¶º L ¶ 6SDQQXQJVYRUVFKXE
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PRO ç XQ è.Ü LQH à /|VXQJVPLWWHO é GL Ü EHL è$Ü HL â+Ü P|JOLFKV Þ KR Û+Ü =HUVHW]XQJV
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'H þ KHWHURJHQ û$# DGXQJVIOX ﬀ M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ü§ý$û þ (OHNWURGHQREHUIOlFK û ] )û LQH  EH
VWLPPW û ü =HLWSXQN ( GH  DNWXHOO û ü (OHNWURGHQSRWHQWLD *)+$ü+ýﬂý H þ *HVFKZLQ
GLJNHLWVNRQVWDQWH ü N , GH  KHWHURJHQ û ü-#
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GXQJVWUDQVIHU  DEKlQJLJ ß 'D  6WDQ
GDUGSRWHQWLD  ( . FKDUDNWHULVLHU  HLQH ü =XVWDQG  EH  GH  XQWH þ WKHUPRG\QDPL
VF ú+û ü *OHLFKJHZLFKWVEHGLQJXQJH ü)ý L û 2EHUIOlFKHQNRQ]HQWUDWL  ü GH þ R[LGLHUWH ü
$ü+ý UHGX]LHUW û ü )RU  JOHLF ú JUR ﬀ LV ß D LVWGH þ 'XUFKWULWWVIDNWRU
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W Ł %HULFKW  EH  (OHNWURFKHPL  Y Ł 0HWDOOSRUSK\ULQDW Ł     XQ  
*U < VWDPPH Ł Y Ł )XKUKRS  .DGLV ~ XQ  'DYLV  05  6L  YHU|IIHQWOLFKW Ł 5H
GR[SRWHQWLDO  Y Ł .RPSOH[ Ł GH  2FWDHWK\OSRUSK\ULQ  PL  $O  *D  Q  7O  * 
Ł< 6Q  (LQLJ  =HL  VSlWH  ZDU Ł HEHQIDOO  .DGLV ~ DO  GL  EH  HUVW  (U
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/|VXQJ ŁA UVFKLH Ł  ®¯x° L ŁA LQH  hEHUVLFKWVDUWLNH ª Y Ł .DGLVK  50  1HXHVW 
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HUIRUGHUQ  +lXIL  NDQ Ł GH  0DNUR]\NOX  L Ł UHYHUVLEOH Ł (OHNWURQHQWUDQVIHUVFKULW
W Ł{ [LGLHUWRGH ¨ HGX]LHUWZHUGHQ  50©  'XUF ~hŁ WHUVFKLHGOLF ~< 5LQJVXEVWLWXHQW wŁ
N|QQ Ł{ L  5HGR[SRWHQWLDO ] 3RUSK\ULQULQJ  YDULLHUWZHUGHQ  50 ¡ 50µ ¡ 50 
$QDO\WLVF ¶<· &KDUDNWHULVLHUXQJ

'L · L ¸ 5DKP ·¹jº LHVH » $UEHL ¼ V\QWKHWLVLHUWH ¹ .RPSOH[ · ]HLJ ·¹¾½ OO ·½¸ 3RUSK\
ULQOLJ ½¹<º·¹ 5HGR[DNWLYLWl ¼¿ %H À GH ¹ $UVHQNRPSOH[ ·¹ L Á M Â D X ¹<º G ·¹ $QWL
PRQNRPSOH[ ·¹ N X ¹Hº J VLQ º ]XVlW]OLF ¶ D ¸ =HQWUDOPHWD Ã Ã (OHNWURQHQEHUJlQ
J · L ¸ &\FORYROWDPPRJUDP ¸ EHREDFKWEDU
'L · &\FORYROWDPPRJUDPP ·Äº·» 7HWUDSKHQ\OSRUSK\ULQNRPSOH[ · DFHI Á GL · L ¹
'LFKORUPHWK ½¹ PL ¼ 7HWUDEXW\ODPPRQLXPKH[DIOXRURSKRVSKD ¼ DO Å /HLWVDO ÆÈÇ H
PHVVH ¹ ZXUGHQ Á ]HLJH ¹ YLH » 2[LGDWLRQVZHOOHQ Á GL ·º H ¹ MHZHLOLJ ·¹ 5LQJR[LGDWLR
¹<·¹Äº·Å 3RUSK\ULQV\VWHP Å ]X ¸ 5DGLNDONDWLRQ XQ º 'LNDWLR ¹É ]Z ¿&º·¹ 5LQJUH
GXNWLRQH ¹ ]X ¸ 5DGLNDODQLR ¹ E]Z ¿ 'LDQL Ê¹]· QWVSUHFKH ¹ *O ¿  Á $EE ¿  ¿ 'L ·
3HDNSRWHQWLDOGLIIHUHQ Æ '( Ë EHWUlJ ¼ ± Ì P Í XQ º\º L · 3HDNVWURPIXQNWLRQ )L Ë Î
LV ¼ NRQVWDQ ¼Á V ÊÄº½Ï GL · 2[LGDWLRQVZHOO ·¹¦½ O Å UHYHUVLEH Ã HLQ]XVWXIH ¹ VLQG ¿ $X Å
º·¹¬· LQ]HO ¹<·¹ 3RWHQWLDO ·¹ ( Ë ÐÑ Ò¹<º ( Ë Ó Ô5Õ GH » :HOOH ¹ Ol ¼ VLF ¶¬º½Å MHZHLOLJ · 5H
GR[SRWHQWLD Ã×Ö DO Å 0LWWHOZHUWEHVWLPPHQ
$EE ¿  Ø &\FOLVFKH Å 9ROWDPPRJUD ¸h¸ YR ¹ ,Q&OWSS ÎÚÙ H Î L ¹ &+ Û &O Û Á /HLWVDO]
1%X Ü 3) Ý
, ¸ 9ROWDPPRJUDP ¸ GH Å =LQQNRPSOH[H Å K VL ¹<ºﬂ¹Ò» GUH À 2[LGDWLRQVZHOO ·¹ ] Ò
VHKHQ Á GL ·ﬃ·É HQIDOO Å UHYHUVLEH Ã VL ¹<º $EE ¿  ¿ 'L · 2[LGDWLR ¹¬º·Å 5DGLNDONDWL
RQ Å ]X ¸ 'LNDWL Ê¹ OLHJ ¼ EH À KRKH ¸ 3RWHQWLD Ã DXHUKDO ÉÞº·Å 0HIHQVWHUV
ßà á âãà ä âãà á áxà ä áxà á åRáxà ä åæâãà á åæâãà ä åUßà á
åUßà áèçxâéá ê ë
åæâãà áèçxâéá ê ë
áxà á
âãà áãçâìá ê ë
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
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'L  L  7DEHOO   DXIJHIKUWH  5HGR[SRWHQWLDO  VWLPPH  PL ﬃ GH  (UJHEQLVV 
DX ! \FORYROWDPPHWULVF  8QWHUVXFKXQJH #" YHUJOHLFKEDU  0HWDOONRPSOH
[ %$&& 7HWUDSKHQ\OSRUSK\ULQV ' (*) + ,*,

+ ,*,-( . EHUHL 0/ Q $ VL $ G  L  *O    DQJH
JHEHQH  5HGR[SUR]HVV  ]X]XRUGQHQ  'L 1 UPLWWHOW  5HGR[SRWHQWLDO  EH]LH
 VLF  LPPH 2 DX3 HLQ  JHVlWWLJW  .DORPHOHOHNWURG  DO  5HIHUHQ]HOHNWURGH
*O
'L  :HUW  ]HLJ 4$ H  Y  )XU 5#" O ! KDUDNWHULVWLVF  I 2 0RQRSRUSK\ULQDW 
DQJHJHEHQH  $EVWD $ Y 76  68 r  8%9 ]ZLVF 7 UVWH 2 2[LGDWLR  X $: UVWH 2
5HGXNWLRQ ' ,-;*< . 'LH  EHGHXWH ﬃ=ﬀ GD > H  ]X 2 $XVELOGXQ ? HLQH  5DGLNDONDWLRQ  XQ $
$QLRQ A@ RPP ﬃB 'L  3RWHQWLDOGLIIHUHQ]  ]ZLVF A UVWH 2C/&$ ]ZHLWH 2 5HGXNWL 
OLHJ  L  %HUHLF  Y ED  F6 r  8G9 XQ $IH VWlWLJHQ ﬀ GD > EHLG  (OHNWURQHQDGGL
WLRQH  D  S(OHNWURQHQV\VWH  GH  3RUSK\ULQ  WDWWILQGHQ  %H J 9HUJOHLF I$ H 2
3RWHQWLDOGLIIHUHQ K ]ZLVF  MHZHLOLJH 2 HUVWH 2L/&$ ]ZHLWH 2 5LQJR[LGDWL % UJHE 
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$EE ¹  º $XIWUDJXQ » GH ¼ 3RWHQWLDO ¸¾½&¸¼ HUVW ¸¿ 5LQJR[LGDWL À¿¾Á Q ½ 5HGXNWL À¿
GH ¼ XQWHUVXFKWH ¿ 7HWUDDU\OSRUSK\ULQDWH
(L ¿ 9HUJOHLF ·Â½&¸¼ 5HGR[SRWHQWLDO ¸Ã½&¸¼ 0HWDOONRPSOH[ ¸ ]HLJ Ä GHXWOLF · G ¸¿
(LQIOX Å GH Æ =HQWUDOPHWDOOV ¹ 'L ¸ 5LQJR[LGDWL À¿¸¿ RGH ¼ UHGXNWLRQ ¸¿ VL ¿½ÈÇ EKlQ
JL » Y À¿A½&¸¼ $NWLYLHUXQ » RGH ¼ 'HVDNWLYLHUXQ » GH Æ S(OHNWURQHQV\VWHP Æ GXUF ·A½ L ¸
HOHNWURVWDWLVFK ¸ :LUNXQ » GH Æ ]HQWUDOH ¿ 0HWDOOLRQV ¹ (LQ ¸ $XIWUDJXQ » GH ¼ 3RWHQWL
DO ¸È½&¸¼ HUVW ¸¿ 5LQJR[LGDWLR ¿ JHJ ¸¿:½ L ¸È½&¸¼ HUVW ¸¿ 5LQJUHGXNWLR ¿ ]HLJ Ä GHXWOLF ·
HLQH ¿ LQYHUV ¸¿ 7UHQG É GH ¼ GXUF ·G½ L ¸ XQWHUVFKLHGOLF ·¸¿ .UlIW ¸ GH Æ 0HWDOOLRQ Æ DXÊ
GD Æ 3RUSK\UL ¿ ] ÁŁ¸ UNOlU ¸¿ LVW$EE ¹  ¹ /HLFKW ¸ $EZHLFKXQJ ¸¿ Y À¿Ł½ H Ë OLQHD
U ¸¿ 9HUODXÊ N|QQWH ¿ DXÊ XQWHUVFKLHGOLF ·¸ $[LDO/LJ Ç¿½&¸¿ ]XUFN]XIKU ¸¿ VHLQ
'HXWOLF · LV Ä ] Á#¸ UNHQQHQ É GD Å GD Æ $OXPLQLXPSRUSK\UL ¿ D D Ë OHLFKWHVW ¸¿ ] Á
R[LGLHUHQ É DEH ¼ D Ë VFKZHUVW ¸¿ ] Á UHGX]LHUH ¿ LV ÄB¹ (L ¿Á PJHNHKUWH ¼ 7UHQ ½ LV Ä EH Ì
GH Ë =LQQSRUSK\UL ¿ K ] Á¾¸ UNHQQHQ É GD Æ ]ZD ¼ VHK ¼ OHLFK Ä ] Á UHGX]LHU ¸¿¾ÇÍ¸¼
VHK ¼ VFKZH ¼ ] ÁŁÀ [LGLHU ¸¿ LVW
) ¼ ]ZHLZHUWLJ ¸ 0HWDOO ¸ NDQ ¿¾½ L ¸ $EKlQJLJNHL Ä GH ¼ 5HGR[SRWHQWLDO ¸ L ¿Î¸ LQH Ë
VROF ·¸¿A¸ OHNWULVFKH ¿ )HO ½ PL Ä GH ¼ (OHNWURQHJDWLYLWl Ä GH Æ =HQWUDOPHWDOO ÆGÏ RUUHOLHUW
ZHUGHQ Ð Ñ-Ò*Ó Ô - ¸ JU|H ¼ GL ¸ (OHNWURQHJDWLYLWl Ä GH Æ =HQWUDOPHWDOOV É X Ë V À OHLFKWH ¼
N Ç¿&¿Î½&Ç&Æ 0HWDOOSRUSK\ULQD Ä UHGX]LHU ÄÕÁ&¿½ X Ë V À VFKZLHULJH ¼ N Ç¿&¿¾¸&Æ R[LGLHUW
ZHUGHQ ¹ %H Ì =HQWUDOPHWDOO ¸¿G½&¸¼ 2[LGDWLRQVVWXI ¸ÈÖ×Ö×ÖØÉÙÖ Ú XQ ½GÚ LV Ä GH ¼ (LQIOX Å GH ¼
]XVlW]OLFKHQ É SRVLWLYH ¿ /DGXQJH ¿¨ÇÁ_Ê GD Æ 3RUSK\ULQV\VWH Ë ZHL Ä JU|H ¼ DO Æ H Æ


































GL  QX  JHULQJIJL  K|KHUH  (OHNWURQHJDWLYLWlWVZHUW  0HWDOO  HUZDUW  ODV
V  ZUGHQ  $XF ﬀ L  *U| ﬁﬂ 0HWDOOLRQ ﬂﬃﬁ L  DPL  YHUEXQGHQ  %LQ
GXQJVDUWH  XQ  VWlUN  VSLHOH  HLQ  ZLFKWLJ  5ROO  L  LHVH  %HWUDFKWXQJ  ( ﬂ
ZXU ! VKDO " I  GL  %HHLQIOXVVXQ  GH  5HGR[SRWHQWLDO  GXUF # L  =HQWUDOPH
WDOO # L  %HHLQIOXVVXQJV RGH  5HDNWLYLWlWVSDUDPHWH  K HLQJHIKUW $ GH  I  0HWDO
O  PL  K|KHUH  2[LGDWLRQVVWXI # [WUDSROLHU  HLQ # \SRWKHWLVFK  :HU  HUJLEW % &('*) +
(L  $XIWUDJXQ  Y , K JHJ - L  5HGR[SRWHQWLDO  ]HLJ  HLQH  OLQHDU  =XVDP
PHQKDQJ $ PL  GH . GL /ﬃ QWHUVXFKWH  0HWDOO /0 EHUHLQVWLPPHQ  'L  :HUW  I  K
YDULLHU  Y ,21  3 I  &DOFLX . EL ﬂ  4 I  $QWLPRQ $ ZD ﬂ EHGHXWHW $ GD 5 $QWL
PRQ93RUSK\UL 76. VFKZHUVW  ] ﬃ8, [LGLHU  VLQG
'L  .RPSOH[  >$V2+ 9 WSS@ : M $<; 6E&O 9 WSS@ : N =>ﬃ >$V2+ 9 WSS@ : D =
]HLJ  ]XVlW]OLF  2[LGDWLRQV XQ  5HGXNWLRQVSRWHQWLDOH $ GL  DX? (OHNWURQHQ
EHUJlQJ  D . =HQWUDOPHWD @ @ VFKOLHH  ODVV  $EE   X 	 $EE  
7DEHOO  
$EE  &\FOLVFKH ﬂ 9ROWDPPRJUDP . Y , >$V2+ 9 WSS@ : L  &+ 9 &O 9 1%X A 3) B
%H C 3RUSK\ULQNRPSOH[  PL  UHGR[DNWLYH . =HQWUDOPHWD @ @ WUHWH  QDF D LQH  (OHNW
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'L | &\FORYROWDPPRJUDPP | Y  M  N  D ]HLJ |7 UH  UHYHUVLEO | 5HGR[ZHO
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7HWUDSKHQ\OSRUSK\ULQ.RPSOH[ | ZXU |¦ L | 5HGR[SRWHQWLDO | Y ¦ UFKVFKQLWW
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PRQNRPSOH[ Ö×Ö UKDOWHQ Ø =XVlW]OLFK ZXU ÙÖÚ×ÛÖÜ GXUFKVFKQLWWOLF Õ  ÝßÞLÚ	Ù
 àLáãâåä OHNWURQHQEHUJlQJ Öçæè =HQWUDOPHWD é é EHREDFKWH ê $EE Ø  ë $EE
 ë 7DEHOO Ö  Ø 'DEH Ü WUDWH Ú NHLQ Ö 9HUlQGHUXQJ ÖÚ GH ì HOHNWURFKHPLVFKH Ú
9HUKDOWHQ ì GH í 3UREH Ú EH Ü YHUlQGHUWH í 9RUVFKXEJHVFKZLQGLJNHL ê DXI Ø 8QWH í %H
UFNVLFKWLJXQ î GH í 8QWHUVXFKXQJ ÖÚ Y ïÚ . Ø .Q| í EH í $QWLPRQSRUSK\UL ÚÖ PX ð
P æÚ G ÖÚﬁñ ULPlU ÖÚ (OHNWURQHQWUDQVIHU3UR]H ð HLQH í 5HGXNWL ïÚ GH ì =HQWUDOPH
WDOO ì ]XVFKUHLEHQ ò ó*ô õ .Q| í EHVFKUHLE ê HLQ Ö UHDNWLY Ö =ZLVFKHQVWXIH ë L Ú/ÙÖí GD ì
0HWD é éöÜ ÚÙÖí 2[LGDWLRQVVWXI Ö , â YRUOLHJW XQ Ù GL ÖæÚ VFKOLHHQ Ù ] ÞÙÖÚ .RPSOH
[ ÖÚ PL ê GH Ú 2[LGDWLRQVVWXIH Ú ,, ÷ XQ Ùhâ GLVSURSRUWLRQLHUH Ú NDQQ Ø *OHLF ÕÖ (UJHE
QLVV ÖÖ UKLHOWH Ú .DGLVK øNù*ú H ê DO Ø X ÚÙ 0LVKUD ò øNùOó õ 2 Û-Öì ]X í YROOVWlQGLJ ÖÚ %LOGXQ î
GH ì $QWLPRQ,,,.RPSOH[H ì7û RPPW ë NDQ Ú#Ú LFK ê J ÖÚæÞ JHVDJ ê ZHUGHQ Ø 'RF ÕüÙ L Ö
QLHGULJ Öþý	æ J Ö GH í 3RWHQWLDO ÖÙÖí HUVW ÖÚÞÚÙ ]ZHLW ÖÚ 5LQJUHGXNWLRQ ë GL ÖÙÞ UF Õ
GL Ö UHYHUVLEO ÖÚ 5HGR[ZHOO ÖÚþÛÖÜ .Q| í EHVFKUL ÖÛÖÚ ZHUGHQ ë GHXW ÖÚ DXß HLQH Ú
(OHNWURQHQWUDQVIH í D è 5LQJV\VWH è GH ì $QWLPRQ,,,.RPSOH[H ì KLQ Ø ) í GLHV Ö
7KHRUL Ö VSULFK ê DXF ÕﬀÙæì 3HDNSRWHQWLD é EH Ü  à â GH í DQRGLVFK ÖÚ 2[LGDWLRQ
GD ì HLQH í 2[LGDWL ïÚ GH ì $QWLPRQ ì GH í 2[LGDWLRQVVWXI Ö ,, ÷ ] Þâ ]X]XVFKUHLEH Ú
LV êØ 'L Ö UHYHUVLEO Ö 5HGR[ZHOO Ö ÛÖÜ HLQH è 3RWHQWLD é Y ïÚ  â EHVFKUHLE ê GL Ö
HUVW Ö 5LQJR[LGDWL ïÚ¢Ù H ì $QWLPRQ9.RPSOH[HV Ø 'L Ö UHODWLY Öý	æ J Ö-ÙÖí 3RWHQWLD
OH ë GL Ö!æ OO Ö¦Þè  hâ JHJHQEH í GH Ú Y ïÚ .Q| í HUPLWWHOW ÖÚ :HUW ÖÚ ] Þ!Ú LHGULJH
UH è 3RWHQWLD é YHUVFKREHQ VLQG ë VWLPP ê XQWH í %HUFNVLFKWLJXQ î Y ïÚ 6ROYDWDWLRQ
VHLQIOVVH Ú PL ê GH Ú (UJHEQLVV ÖÚ Y ïÚ .Q| í EHUHLQ Ø 'L Ö $UVHQNRPSOH[ Ö ]HLJ ÖÚ
L è &\FORYROWDPPRJUD è7è HL ÚÕÚ OLFKH ì 9HUKDOWH Ú $EE Ø  Ø 'RF Õ VL ÚÙ VlPW
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'LHV  5HDNWLRQVVFKULWW $# NUlIWLJ &%('&) F  (OHNWURO\VHXQWHUVXFKXQJH % Y *&% .Q|U
GHU EH + HLQH , 5HGXNWLRQVSRWHQWLD - Y *&%  .0/ HL % 0HWDOOSRUSK\ULQD 1 PL 1 GH ,
0HWD - -2+ %3ﬁ& 2[LGDWLRQVVWXI  ,, 4 HUKLHO 15 (L % (LQIOX 6 GH  $[LDO/LJDQGHQ

GL  EH +
HLQH  5HGXNWL *&% DEJHVSDOWH % ZHU ﬁ&% N|QQHQ

XQ ﬁ7ﬁ L 7ﬁ' UDX  UHVXOWLHUHQGH %
*OHLFKJHZLFKW  ZHU ﬁ&% YHUQDFKOlVVLJWXQ ﬁ8% LFKWEHVFKULHEHQ
, , 9HUJOHLF  ] )9 OHNWURFKHPLVFKH % 8QWHUVXFKXQJ &% Y *&% ZDVVHUXQO|VOLFKH %
0HWDOOSRUSK\ULQDWH % ZDU &% (UJHEQLVV ;: EH  GL  5HGR[FKHPL  Y *&% 0HWDOO
SRUSK\ULQDW &% L % ZlULJH  /|VXQ < HKH  VHOWHQ 5 (UVW  (UJHEQLVV  EH  (OHNWUR
QHQWUDQVIHU3UR]HVV  L % ZlULJH , 0HGLX , HUVFKL &%&%0=>  ? L %@ LQH  hEHUVLFK 1
Y *&% +DUULPDQ A BC D ,KQH % IROJW &% ZHLWHU  8QWHUVXFKXQJ &%3: EH  3KRWRR[LGDWLRQH %
Y *&% 0HWDOOSRUSK\ULQDWHQ A BFE D NLQHWLVF  8QWHUVXFKXQJHQ A BFB D EH  G % =HUID - - Y *&%
S5DGLNDODQLRQH % XQ ﬁ (UJHEQLVV  EH  GL  3KRWRR[LGDWL *&% Y *&% :DVVH  ] ) 6DX
HUVWRI G PL 1 +LOI  Y *&% VHQVLELOLVLHUW &% 0HWDOOSRUSK\ULQDWHQ A BFH D %HYRU]XJW  3RUSK\
ULQV\VWHP  ZDU &% 7HWUDNLV1PHWK\OS\ULGLQLRSRUSK\UL %  )%ﬁ 7HWUDNLVVXOIR
QDWRSKHQ\OSRUSK\UL %  )%ﬁ7ﬁ UH % 0HWDOOVDO]H A IFIJC D

GL  L % :DVVH  HL % JXW 
E]Z 5 VHK  JXW 
 LK
VOLFKNHL 1 YRUZHLVHQ 5 8QWHUVXFKXQJ &%M'&% ZDVVHUO|VOLF &% 2V
PLXPNRPSOH[ &% ZXU ﬁ&% Y *&% 6LPR %  >N"ﬁ XUFKJHIKUW A BFO D
'L  V\QWKHWLVLHUW &% .RPSOH[  DJ ZXU ﬁ&% L % ZlULJHU

SKRVSKDWJHSXIIHUWHU
QHXWUDOH  /|VXQ < DXG LKU  5HGR[DNWLYLWl 1 XQWHUVXFK 15 $O  $UEHLWVHOHNWU *ﬁ ZXUG 
HL % *ODVNRKOHQVWRII )%ﬁP' O  *HJHQHOHNWUR ﬁQ LQ  3ODWLQEOHFKHOHNWURG  YHU
ZHQGH 15 $O  5HIHUHQ]HOHNWURG Rﬁ LHQW R LQ 9< HVlWWLJW  .DORPHOHOHNWURGH

DO 
/HLWHOHNWURO\ 1 1DWULXPSHUFKORUD 15 $OO  0HVVXQJ &% ZXU ﬁ&% L % WULGHVWLOOLHUWH , :DV
VH  XQWH  $UJRQDWPRVSKlU  GXUFKJHIKUW 5 'L  &\FORYROWDPPRJUDPP  GH 
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MHZHLO d HL ec UHYHUVLEO c 2[LGDWLRQVZHOOH f GL c$gc&h HUVW c&e 5LQJR[LGDWL i&ejc QWVSULFKW
$EE k  k :HGH h HL ec ]ZHLW c 5LQJR[LGDWL i&e QRF b LUJHQGZHOF bc 5LQJUHGXNWLR
ec&e NRQQWH e XQWH h GH eml HJHEHQH e %HGLQJXQJ c&eonc REDFKWH p ZHUGHQ
$EE k &\FOLVFKH d 9ROWDPPRJUDP q Y i&e DF L e :DVVHU/HLWVDO]1D&O2 r
$EE k &\FOLVFKH d 9ROWDPPRJUDP q Y i&e J L e :DVVHU f /HLWVDO] s 1D&O2 r
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'L È .RPSOH[ È GI ]HLJ È&É L Ê JHVDPW È&É 0HEHUHLF Ç Y Ë&É  ÌÎÍ L Ï  ÐÒÑ NHLQ È
5HGR[ZHOO È&É@ËÓÈ&Ô LUUHYHUVLEO È&É 6WURPIOVVH Õ , Ê &\FORYROWDPPRJUD ÊoÊ GH Ï $Q
WLPRQNRPSOH[H Ï >6E2+ Ö WSSV × @ Ø Ù J Ú LV Û L Ê UHGXNWLY È&É %HUHLF Ç D Ê 5LQJV\V
WH Ê 5HGR[DNWLYLWl Û ] ÜjÈ UNHQQHQ Õ (L É (OHNWURQHQWUDQVIHU3UR]H Ý D Ê =HQWUDOPH
WD Þ Þß VWQLFK Û ] Ü VHKH É $EE Õ 
'XUF Ç $E]X à GH Ô /HLWVDO]NXUYH á GL È L É MHGH Ê ([SHULPHQ Û ]XYR Ô HUPLWWHO Û ZXUGH
JHODQ à H Ï L Ê )D Þ Þ GH Ï $QWLPRQNRPSOH[HV á GL È 5HGR[ZHOO È&É NODUH Ô KHUDXV]XILO
WHU É $EE Õ  Õ ( Ï Ol Û VLF Ç VRJD Ô HL ÉÈ ]ZHLW È 5HGR[ZHOO È$È UNHQQHQ á GL È$ÓÈ&Ô
]ZHLW È&É 5LQJUHGXNWL Ë&ÉÎÈ&É WVSULFK ÛÕ 'D Ï HQWVSUHFKH ÉÓÈ 5HGR[SRWHQWLD Þ (
Ø
OLHJW
EH ß  Ì Ñ XQ Ó LV Û VRPL Û ZL È ( Ö ] ÜMÇâ&ÇÈ UH Ê 3RWHQWLD Þß Ê 9HUJOHLF Ç ]X Ê OLSRSKL
O È&É .RPSOH ã >6E&O Ö WSS@ ä N YHUVFKREHQ Õ 'L ÈåÈ UPLWWHOWH É 3RWHQWLDO È VL ÉÓ L É
7DEHOO È  ]XVDPPHQJHVWHOOW
$EE Õ  æ &\FOLVFKH Ï 9ROWDPPRJUDP Ê YR É >6E2+ Ö WSSV × @ Ø Ù J Ú DE]JOLF Ç
GH Ô /HLWVDO]NXUY È L É :DVVHU/HLWVDO]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7DEHOO    9HUJOHLF ﬁﬀﬂﬃ 5HGR[SRWHQWLDO  ZDVVHUO|VOLFKH ﬃ 0HWDOOSRUSK\ULQDW 
GH ﬃ   XQ ﬀ! #"$ *UXSS  L % + & ' EH ( 5DXPWHPSHUDWXU ) /HLWHOHNWURO\ *+ 1D&O2 , ) $U
EHLWVHOHNWURGH*ODVNRKOHQVWRIIHOHNWURGH3RWHQWLD -/. >9 0 YV6&(
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
, 4 9HUJOHLF  ] 5ﬀﬂ% HUPLWWHOW % 5HGR[SRWHQWLDO % GH ﬃ DQDORJ % 0HWDOONRPSOH[ 
GH 6 7HWUDSKHQ\OSRUSK\ULQ 676 L %ﬀ8ﬀ L  3RWHQWLDO 95ﬂ4 HWZ :; #<ﬂ< P = ] 5 QHJDWLYHU %
3RWHQWLDOH % YHUVFKREHQ  (L % 2[LGDWL >%ﬀﬂﬂ6 3RUSK\ULQV\VWHP 6 LV * VRPL * OHLFKWH ﬃ
] 5? UUHLFKHQ ) HLQ  5HGXNWLR % VFKZHUHU  'LHVH ﬃ (IIHN * LV * GXUF  GL  LQVJHVDPW
YLH ﬃ QHJDWLY %A@B:ﬂﬀ5ﬂ% J % D % G % 3KHQ\OUL %Cﬂ% GH 6 3RUSK\ULQ 6 ] 5D UNOlU % X %ﬀ
ZLUN * GH 4 VWDU E HOHNWURQHQ]LHKHQG %;5 Q ﬀ?ﬀ L  (OHNWURQHQGLFKW  L 4 5LQJV\VWH 4
YHUULQJHU %ﬀﬂ% (LQIOX F GH ﬃ 6XOIRQDWJUXSS GH% WJHJHQ  (L % 9HUJOHLF !ﬀﬂﬃ 0HWDOO
NRPSOH[  DF X %ﬀ G XQWHUHLQDQGH ﬃ ]HLJ *ﬀﬂ% JOHLF % *DQ C ZL I L % 9HUJOHLF 
GH ﬃ ZDVVHUXQO|VOLFKH % DQDORJ % .RPSOH[H  'H ﬃ $OXPLQLXPNRPSOH J LV * DXF 
KLH ﬃ GH ﬃ D 4 OHLFKWHVWH % ] 5!> [LGLHUHQGH ) JHIROJ * Y >%!ﬀﬂ% *DOOLXP 5ﬂ%ﬀ ,QGLXP
NRPSOH[HQ ) GL  MHZHLO 6 HL %ﬁ [DN *  < P = K|KHUH 6 2[LGDWLRQVSRWHQWLD - DXIZHLVH %
7DEHOO   LKM% %H] 5BC DXIGL  'LIIHUHQ N ]ZLVFKH % GH 4 HUVWH % 2[LGDWLRQV X %Bﬀ
HUVW % 5HGXNWLRQVSRWHQWLD - GH ﬃ ZDVVHUXQO|VOLF % .RPSOH[  Y >%ﬁO  OH< r  "ﬁ=
HUJLE * VLF P5ﬂ% WH ﬃ %HUFNVLFKWLJXQ C GH ﬃ YHUVFKLHGHQ % 6ROYDWDWLRQVHQHUJL % ]ZL
VF %Q> UJDQLVFKH % /|VXQJVPLWWHO % X %ﬀ :DVVH ﬃ HL % 'LIIHUHQ NIR/>%QO  " r  <
9 S TVU W ) ﬃ GL P UVWH % 5HGXNWLRQH %ﬀ H ﬃ .RPSOH[  DF HUKlO * P :% UUHFKQHW  3R
WHQWLDO  Y >%!  )   ﬁ5ﬂ%ﬀ  <ﬂX 9 ) I ﬃ GL Y UVW  2[LGDWL >% Y >% J HL % 3RWHQWLD -





 *UXQGODJHQ GH ^ (OHNWURSKRUHVH
'L ] (OHNWURSKRUHV ] LV _ HL `a] LQIDFKH b 9HUIDKU ]` ]X c ,GHQWLIL]LHUX `Bded HODGHQH c
7HLOFK ]` L `AfBg VXQJ h (EHQV i ZL ]Aj L ] (OHNWURGLDO\V ]Aiﬂjﬂ]c (OHNWURRVPRV ] EHUXKW
VL ]lk Xm GH c :DQGHUX `Bd Y i` JHODGHQ ]` 7HLOFKHQ n GL ] L ` )OVVLJNHL _ GLVSHUJLHUW
RGH c NROORLGD o JHO|V _ VLQG n L p HOHNWULVFKH ` )HOG h 0L _ GLHVH c 0HWKR jﬂ] N|QQ ]` VR
ZRK o VHK c JUR ] 7HLOF \]` ZL ] .ROORLGH n 3URWHL `]rqﬂ`j 1XFOHLQVlXU ]`Gk O b DXF \
NOHL `] 7HLOF \]` X `j ,RQH `sqﬂ` WHUVXFK _ ZHUGHQ t uwvyx z u|{~}  $XIJU qﬂ`jsj LHVH c (LJHQ
VFKDI _ ZLU jﬁj L ] (OHNWURSKRUHV ] YR c DOOH p L `j H c %LRFKHPLH n %LRORJL ] XQ j 0HGL]L `
DO b DQDO\WLVFKH b 7UHQQYHUIDKU ]`q Q j I c PLNURSUlSDUDWLY ] =ZHFN ]] LQJHVHW]W
0DJHEHQ j I c GL ] 7UHQQVFKlUI ] LV _ GL ] :DQGHUXQJVJHVFKZLQGLJNHL _ GH c 7HLO
FKHQ h 'LHV ] ZLHGHUX p KlQJ _ Y i` VXEVWDQ]VSH]LILVF \]` (LJHQVFKDIWHQ ZL ] *U|
H n *HVWDO _ XQ j;fBk GX `Bd GH b 7HLOFKHQ b XQ j ]X p DQGHUH ` Y i`8q HU ]` (LQIOV
V ]` ZL ] 7HPSHUDWXU n S+:HU _+n 9LVNRVLWlW n HOHNWULVFKH c )HOGVWlUN ]rqﬂ`j 7UlJHU
PDWHULD o DE h , `] UVWH c 1lKHUXQ d NDQ ` GL ] :DQGHUXQJVJHVFKZLQGLJNHL _ MHGRF \
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5DGLX b GH c 7HLOFKH `cqﬂ`j7jﬂ]ﬂb )DNWRU b S EHVFKULHEH ` ZHU jﬂ]` *O h 
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6RPL _ HUJLE _ VLF \ I c GL ] :DQGHUXQJVJHVFKZLQGLJNHL _ GH c 7HLOFKH ` L p HOHNWUL










(L Z [SOL]LW  %HUHFKQXQ  GH  :DQGHUXQJVJHVFKZLQGLJNHL    HL  EHVWLPPWH 
7HLOFK  LV  DX  PHKUHU  *UQG  LFK  P|JOLFK  +LHU]  ]lKO  UHFKQHULVF 
QLFK  ]XJlQJOLF  (LQIOVV  ZL  ]X  %HLVSLH  (OHNWURRVPRVH  6RJVWU|PXQ  X B
:HFKVHOZLUNXQJ  ]ZLVF Gﬂ ] ﬂ WHUVXFKHQ ﬂ 6XEVWDQ lﬂﬂ 7Ul
JHUPDWHULDO  $XF D L  HIIHNWLY ?B GXQ  HLQH  7HLOFKHQ D  DQ D XIJU ﬂZ OHNWUR
VWDWLVFKH  :HFKVHOZLUNXQ  PL  HQWJHJHQJHVHW]  JHODGHQH  7HLOFK  LFK  JH
 EHVWLPP  ZHUGHQ  (L  9HUJOHLF lﬂﬂ HOHNWURSKRUHWLVFK  9HUKDOWHQ  YHU
VFKLHGHQH  7HLOFKH  LV  GHQQRF  P|JOLFK  Z ﬂI L  9HUVXFKVEHGLQJXQJ  NRQ
VWDQ  JHKDOW  ZHUGH 9ﬂ VLF D L ; QWHUVXFKW  7HLOF  L  LKUH  *U| ; LFKW
]  VHK  XQWHUVFKHLGHQ  'LHV  %HGLQJXQJ  VL 8¡¢ GH ﬁﬂ WHUVXFKW  3RUSK\UL
 JHJHEHQ  )  HLQH  9HUJOHLF  YHUVFKLHGHQH  0HVVXQJ  HPSILHKO  VLF  GL 
9HUZHQGXQ  HLQH  9HUJOHLFKV E]Z5HIHUHQ]VXEVWDQ]
 %HVFKUHL £$¤¦¥H§8¨ H © YHUZHQGHWH ¥ 0HWKRGH
=X  8QWHUVXFKXQ  GH  GDUJHVWHOOW  0HWDOOSRUSK\ULQDW  ZXU ﬂQ L  KHXW Dªﬂ¡ OLFK 
7UlJHUHOHNWURSKRUHV  YHUZHQGH V ,  *HJHQVDW « X  (OHNWURSKRUHV  L  IUHLH 
/|VXQ  ZLU P L  ] Pﬂ WHUVXFKHQG D |VXQ  DX HL  PL  (OHNWURO\  JHWUlQNWH  7Ul
JHUPDWHULD  ZL  ]X  %HLVSLH  3DSLH  RGH  *H  DXIJHWUDJHQ  +LHUEH ¢ LV  GL  $XV
ZDK  GH  7UlJHUPDWHULDO  Y ¬ JURH  %HGHXWXQJ ­ﬂ VLF  VWDUN  :HFKVHOZLU
NXQJ  ]ZLVF ﬁ H  3UREH 8 Q 8 H  0DWHULD  HUJ ¡ N|QQH  X  VRPL  GL 
5HSURGX]LHUEDUNHL  YHUVFKOHFKWHUQ  )  GL  8QWHUVXFKXQ  DQLRQLVFKH  .RP
SOH[YHUELQGXQJ A UZLH Y LF  $JDURVHJH  DO  JHHLJQHW ® ¯~¯ ° ±V² ° ±~³ ° ´|³µ´ ° ´|³V² ° ´|³~³ ¶ $QLRQL
VF  9HUELQGXQJ  ODXI ? $JDURV  O G  OD  EHJUHQ]W  =RQHQ  V ¬ﬂ· EH ¢
6XEVWDQ]JHPLVFKH  XQWHUVFKLHGOLFK  )UDNWLRQH  NOD  YRQHLQDQGH  JHWUHQQ 
ZHU ﬂ N|QQHQ  *HJHQLRQH Zª E  GDEH ¢ DX GD  /DXIYHUKDOW  NHL  (LQIOX ·
DXV  =X  'XUFKIKUXQ  GH  (OHNWURSKRUHV  ZXU ﬂ  L B )ODFKEHWW
*HOHOHNWURSKRUHVH$SSDUDWX  PL  HLQH  KRUL]RQWDO  *HOSODWW ﬂ $EPHVVXQ 
 ¸ F  YHUZHQGH  $EE    (  KDQGHO  VLF ¡¢ GLHVH  KRUL]RQWDO  (
OHNWURSKRUHV ﬁﬂ HLQ  HLQGLPHQVLRQDO  =RQHQHOHNWURSKRUHVH
$QDO\WLVF ¹º &KDUDNWHULVLHUXQJ

$EE » 'DUVWHOOXQ ¼ HLQH ½ (OHNWURSKRUHVHDSSDUDWX ½$¾ 6HLWHQDQVLFKW
=X ½ +HUVWHOOXQ ¼ GH ½ *HOSODWWH ¿ ZXU Àﬂº MHZHLO Á HL ¿º 6XVSHQVLR ¿ Y Â¿7ÃﬂÄﬂÅ P ¼ $JD
URV º L ¿aÆ#ÅﬂÅ P Ç HLQH ½ 3XIIHUO|VXQ ¼ 7DEHOO º  È ELV ]X É OHLFKWH ¿ $XINRFK ºH¿
HUKLW] ÊÌËﬂ¿À DQVFKOLHH ¿À DXÍ HL ¿º  ÎHÅ F É JUR º *ODVSODWW º¼ HJRVVHQ » 0LW
+LOI ºº LQH Á *LHUDKPHQ Á!Á RZL ºº LQH Á .DPP Á ZXU Àﬂº¿?À L º $EPHVVXQJ º¿?ÀﬂºﬂÁ
*HOIODFKEHWWH Á IL[LHU Ê X ¿À?À L º 3UREHQWDVFKH ¿ HU]HXJ ÊV» ( Á ELOGHW º VLF ¹Aº LQ ºGÏ  Ð
P É KR ¹º *HOVFKLFK ÊÒÑ GL º QDF ¹eÀ H É $ENKO º¿ PL Ê GH ½ *ODVSODWW º L ¿sÀ L º (
OHNWURSKRUHVHDSSDUDWX ½ HLQJHOHJ Ê ZXUGH » 0L Ê +LOI º Y Â¿ 3XIIHUEUFN º¿ DX Á GL
FNH É SXIIHUJHWUlQNWH ¿ )LOWHUSDSLH ½ ZXU ÀﬂºeÀ L º 9HUELQGXQ ¼ ]ZLVFK º¿ GH ½ *HO
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(OHNWURSKRUHWLVFK L 8QWHUVXFKXQJ LM D M 0HWDOOSRUSK\ULQDWH M OLHIHU M L N DOOJHPHL
M
LM ,QIRUPDWLRQ LMPO EH Q GL L 5HLQKHL R S $U R GH Q 6XEVWLWXWL TM VRZL LVUXW GXQ Y[ZM
\ $U R
GH Q $[LDO/LJDQGHQ ] 'D ^ 9HUKDOWH M_\LQ 0HWDOONRPSOH[ L L M :DVVHU S ZL L ]X N %HL
VSLH ` GL L D[LDO L +\GUDWDWLR M RGH Q GL L %LOGXQ Y Y TM LQQHU LM 6DO]HQ S NDQ M GXUF K
HLQH M 9HUJOHLF K GH ^ /DXIYHUKDOWHQ ^ XQWHUVXFKWZHUGHQ
'L L V\QWKHWLVLHUW LM ZDVVHUO|VOLF K
LM .RPSOH[ L DJ ZXU \LMW Xa LK Q HOHNWURSKRUH
WLVFKH ^ 9HUKDOWH M D M $JDURVHJH `b M YHUVFKLHGHQH M 3XIIHUV\VWHPH M EH b GH M S+
:HUWH MdceS  S5fgZM
\ihjh XQWHUVXFK R 7DEHOO L  k XQ \ PL R DQGHUH M 7HWUDVXOIRQD
W LM YHUJOLFKHQ ] 'L L .RQ]HQWUDWL TM GH Q 3XIIH Q ZXU \L V T JHZlKO R S GD l HLQHUVHLW ^
GL L DXIJHJHEH M
L 3UR m
L YROOVWlQGL YnW EJHSXIIHU R ZDU S DQGHUHUVHLW ^ EH b HLQH Q
6SDQQXQ Y Y TM*c  o*p NHL M ] Z KRKH Q 6WUR N IOR l XQ \2\ L L2\W GXUF K HQWVWDQGH
M
L :lUP L GXUF Kq\ L L .KOXQ Y QLFK R PHK Q DEJHIKU R ZHU \LM NRQQWH ] (L M (
OHNWURSKHURJUDPP S GD ^ EH b S rts XQ \uL LQH Q DQJHOHJWH M 6SDQQX MXY Y TMEcvsoip
QDF K2h  sdKwL UKDOWH M ZXUGHLVWL M $EE ] Z VHKHQ
$EE ]  x 6FKHPDWLVFKH ^ (OHNWURSKHURJUDP N 1DFK]HLFKQXQ Y GH ^ 2ULJL
QDOSKHURJUDPPV k GH Q 3RUSK\ULQV\VWHP L y X M
\ DJ S 3KRVSKDWSXIIH Q S r  S  o
9 s K5HIHUHQ]VXEVWDQ]. z LQG6 z 
( ^ ZXU \LM L N JHVDPW LMV{ +%HUHLF K NOD Q GHILQLHUW L =RQ LM0L UKDOWHQ S V TV\W|l GL L
/DXIVWUHFN LM Y TM}\LQ 6WDUWOLQL L~m L ^ ]X N 0LWWHOSXQN R GH ^ HOOLSVHQI|UPLJ LM )OH
FNH ^ H[DN R EHVWLPP R ZHU \LM NRQQWHQ ] .HL M
L 3U Tm
L HQWKLHOWPHKUHU L )UDNWLRQHQ
(L M
L XQWHUVFKLHGOLF K
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'L ¾ 5 ¿ :HUW ¾gÀ¾Á 0HWDOOSRUSK\ULQDW ¾ DJ L Â 7DEHOO ¾  VLQ À Y ÃÂ0¾ LQH Á 5HLK ¾
Y ÃÂ )DNWRUHQ Ä GL ¾ XQWHUHLQDQGH Á L Â 9HUELQGXQ Å VWHKHQ Ä DEKlQJLJ Æ 'L ¾ $XVZLU
NXQ Å GLHVH Á )DNWRUH Â DXÇ GL ¾ *HVDPWODGXQ Å GH Á XQWHUVXFKWH Â 3RUSK\ULQV\VWH
P ¾ÉÈÂ
À DXIGL ¾ :DQGHUXQJVJHVFKZLQGLJNHLWZLU À2Â
Ê FKIROJ ¾Â
À NXU Ë HUOlXWHUW
9HUJOHLFK Ì PD ÂÍÀ L ¾Î¾ LQ]HO Â
¾Â .RPSOH[ ¾qÏ H]JOLF ½ÍÀ¾Á 2[LGDWLRQVVWXIH Â LKUH Á
=HQWUDOPHWDOO ¾ XQ À GH Á GDPL Ì YHUEXQGHQH Â *HVDPWODGXQ ÅÐÀ H Ñ 0ROHNOV Ä V Ã
VL Â
À NHLQ ¾ÒÀ¾ XWOLFKH Â 8QWHUVFKLHG ¾ ]ZLVFKH ÂÓÀ H Â 5 ¿ :HUWH Â IHVW]XVWHOOHQ Æ 'L ¾
YHUVFKLHGHQH Â 2[LGDWLRQVVWXIH Â GH Á =HQWUDOPHWDOO ¾ ] Æ % Æ $O,,, Ä *H,9 Ô E]Z Æ
$V9 Ô ZHU À¾ÂdÀÈ UF ½ LQQHU ¾ 6DO]ELOGXQ Å V Æ .DSLWH Õ  Ä $EE Æ  Ä $EE Æ  Ä XQ À
XQWHUVFKLHGOLF ½ JHODGH Â
¾ÍÖ LJDQGH Â ] Æ % Æ + × 2 Ä &O Ø RGH Á 2+ Ø DXVJHJOLFKHQ Æ /D
GXQJVXQWHUVFKLHG ¾ YR ÂdÏ L Ñ ] È ]ZH Ù (LQKHLW ¾vÂ L Ú 9HUJOHLF ½ YR Ú $OXPLQLXP ]X Ú
$QWLPRQNRPSOH Û ZHUG ¾Â VRPL Ì NRPSHQVLHU Ì XQ À KDE ¾Â NDX Ú (LQIOX Ü DXÇ GL ¾
:DQGHUXQJVJHVFKZLQGLJNHLWHQ Æ 6 Ã½ DEH Â GL ¾ .RPSOH[ ¾ DF NHL Â
¾ JU|HUH Â
5 ¿ :HUW ¾ÉÊ O Ñ GL ¾ .RPSOH[ ¾ I ÈÂ
À J Æ $XF ½ HL Â
¾ :HFKVHOZLUNXQ Å X Â
ÀÉ¾ YHQWXH Õ Õ
HL ÂdÖ LJDQGHQDXVWDXVF ½ PL Ì $QLRQH Â GH Ñ 3XIIHU Ñ LVWQLFK Ì DXV]XVFKOLHHQ
'L ¾ *U| ¾¬À¾Ñ =HQWUDOPHWDOO Ñ XQ À¬À L ¾ *HRPHWUL ¾ GH Ñ 0HWDOOSRUSK\ULQDW Ñ LV Ì H
EHQIDOO Ñ QLFK Ì ] È YHUQDFKOlVVLJHQ Æ 8QWHUVFKLHGOLF ½
¾ +\GUDWKOOH Â XQ À YHUVFKLH
GHQ ¾0ÖXÊ J ¾Â GH Á =HQWUDOPHWDOO ¾2Ï
¾ ]JOLF ½À¾Á 3RUSK\ULQHEH Â
¾P½ DE ¾vÂ (LQIOX Ü DXÇ
GL ¾ :HFKVHOZLUNXQJ ¾ÂÓÀ¾Ñ 0ROHNO Ñ PL Ì GH Ú *H Õ RGH Á GH Ú 3XIIHUV\VWHP Æ 6 Ã
NDQ Â H Ñ WURW Ë JOHLFKH Á /DGXQ ÅPÀ H Á 0ROHNO ¾ ] È OHLFKWH Â $EZHLFKXQJ ¾Â L Ú /DXI
YHUKDOW ¾Â NRPPHQ
'HXWOLF ½ ]HLJ Ì VLF ½­À¾Á (LQIOX Ü GH Ñ S+:HUWHV Ä V Ã GD Ü Y ÃÂÝ¾ LQH Á S+
$EKlQJLJNHL Ì GH Á :DQGHUXQJVJHVFKZLQGLJNHL Ì E]Z Æ GH Á 5 ¿ :HUW ¾ JHVSURFKH Â
ZHU À¾Â NDQ Â $EE Æ  Æ 'LHV ¾~Þ +$EKlQJLJNHLW ¾Â ZHU À¾ÂÂ
Ê FKVWHKHQ À I Á




$EE á  â $EKlQJLJNHL ã GH ä 5å :HUW à GH ä GDUJHVWHOOWH æ 7HWUDNLVVXOIRQDWR
SKHQ\OSRUSK\ULQDW à DJ YR ç S+:HUW
%HWUDFKWH ã P èæÒé L à 5 å :HUW à}éàä 0HWDOOSRUSK\ULQDW à DJ L æ 7DEHOO à  XQ é
$EE á  ê V ë IDOOH æ_à LQLJ à *HPHLQVDPNHLWH æ_è Xì?á 'L à .RPSOH[ à DF ]HLJ àæ L ç
XQWHUVXFKWH æií +%HUHLF ß¬à L æÓî KQOLFKH ï 9HUKDOWHQ â 1DKH] ð NRQVWDQW à 5 å :HUW à
Y ëæ¬ívñÎòEó L ï0ôÒðæ
é HL æ VWDUNH ä $QVWLH õ Y ëæÓívñôió L ï S ñ  á (L æ 9HUJOHLF ß PLW
GH ç 0DQJDQNRPSOH[ ê GHVV àæ 5 å :HUW àEí +XQDEKlQJL õ VL æ
éEðæ
é¬éàä DO ï LQQH
UH ï 6DO ö*÷ RUOLHJW ø ùú?ú û ]HLJ ã HL æ
à hEHUHLQVWLPPXQ õVó H ü S ñþýVð Q é S ñ  ê DEH ä HLQ à
$EZHLFKXQ õ EH ü S ñ  á 'LH ï EHGHXWH ã ê GD ß GL à .RPSOH[ à DF $TXD/LJDQG àvæ
EHVLW]HQ ê GL àÍó
àü S ñ    ] ð +\GUR[R/LJ èæ
éàæié HSURWRQLHU ã ZHUGH æ *O á 
(L æ
à ZHLWHU à§æ
à JDWLY àXè GXQ õ D ç =HQWUDOPHWD   HUK|K ã GL à *HVDPWODGXQ õ GH ï
0ROHNOVZD ï L æéàä (UK|KXQ õ GH ä 5 å :HUW à_éàð WOLF ß ZLUG
*O
'H ä *HUPDQLXPNRPSOH  G ]HLJ ã HL æ GHXWOLF ß DQGHUH ï /DXIYHUKDOW àæó
àä G àvæ
JHVDPWH ægí +%HUHLFK á ( ä EHVLW] ã Y ëægívñ   *é L à¬ß FKVW àæ 5 å :HUW à¬ðæ
é ]HLJ ã
QX ä EH ü S ñ}ò0à L æ lKQOLF ß ODQJVDPH ï /DXIYHUKDOWH æ ZL à0é L à UHVWOLFKH æ .RPSOH[H á
'LHVH ï 9HUKDOW àæÒàæ WVSULFK ã GH ä 7DWVDFKH ê GD ß GH ä 'LFKORURNRPSOH  L æià LQHP
S+%HUHLF ß Y ëæÓý   	 2îð HUV ã VWDE ü  ü V ã ðæ
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GH X *H Y E]Z Z\[	W^] 3XIIHUV\VWHP W^]_W LQJHKW Z %H ` S acb NRPP d H e YHUPXWOLF V
GXUF V 3URWRQHQNDWDO\V W ]X X /LJDQGHQDXVWDXVFK f ZD ee LF Vhg^X NOHLQHU W^] 5 i 
:HUWGH e $TXDNRPSOH[H e HUNHQQH ] OlW*O Z 
*O
'H j =LQQNRPSOH k H ]HLJ d ]ZLVF VW^]mlaonqpS]ﬃ[  rsW L ] lKQOLF V VFKQHOOH e :DQGH
UXQJVYHUKDOW W^] ZL Wt[	W^j *HUPDQLXPNRPSOH k G Zvu4X VDXUH ]tl +%HUHLF V S aw  x
QHKPH ]t[ L W 5i :HUW Wm[	W^p WOLF Vyg^z^Z ' gq[	W^j =LQQNRPSOH k L X QHXWUDOH ]qp Q [qg ONDOL
VF VW^] 0LOL W^p{g O e 'LK\GUR[RNRPSOH k| RUOLHJW f ZLU [ YHUPXWHW f GD } EH ` QLHGULJH ]
S+:HUWH ]~[ L W +\GUR[R/LJ g^][	W^] VWXIHQZHLV W ] p $TXD/LJDQGH ]l URWRQLHU d
ZHU [	W^] *O Z  Z 0L d HLQH j ]ZHLIDF Vm]W JDWLY W^] *HVDPWODGXQ z HVLW] d GH j 'LD
TXDNRPSOH k EH ` S ab[	W^] NOHLQVWH ] 5 i :HU d GH j XQWHUVXFKWH ] 0HWDOOSRUSK\ULQD
W W DJ
*O
'L W $UVHQ p	][ $QWLPRQNRPSOH[ W I X ][ J EHVLW] W^] L X VDXUH ] S+%HUHLF V
NRQVWDQW W 5 i :HUWH Z %H ` VWHLJHQGH X S+ZHU d S a  x NRPP d H e DXF VzW^` GLH
V W^] .RPSOH[ W^] ] pyW LQH X $QVWLH  GH j 5i :HUWH Z 'LHVH j $QVWLH  NRPP d YHUPXW
OLF V[^p UF V[ L W 'HSURWRQLHUXQ  HLQH e +\GUR[R/LJDQGH ] D X =HQWUDOPHWD Y Y XQWH j
$XVELOGXQ  Y ^] $UVHQ9 E]Z Z $QWLPRQ92[R.RPSOH[ W^] ]XVWDQG W *O Z 
$EE Z  f GHUH ] OLSRSKLO W $QDORJ g >0  22+WSS   Ł $V f 6E x EHNDQQW
VLQG    'LH e EHGHXWH df GD } GL WzW LG W^] .RPSOH[ W I p	][ J DXF V L X VDXU W^]
0LOL W^p L ] )RU X GH j +\GUR[RNRPSOH[ W YRUOLHJHQ
*O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Ł $V f 6E
$QDO\WLVF ¯° &KDUDNWHULVLHUXQJ

$EE ±  ² 6FKHPDWLVF ¯° 'DUVWHOOXQ ³ GH ´ $UVHQ9 E]Z ± $QWLPRQ92[R
.RPSOH[$QLRQH µ EH ¶ S · 
: °µSµ GL ° +\GUR[R/LJDQG °^µ¹¸^º $UVHQ9 E]Z ± 6E9=HQWUDOPHWD » » EHLG ° SUR
WRQLHU ¼ ZlUHQ ½ KlWW ° GH ´ .RPSOH ¾ L µ )RU º GH ¿ 'LDTXDNRPSOH[H ¿ HL µ°À° LQIDF ¯
QHJDWLY ° *HVDPWODGXQJ ± 'LH ¿ PW ° L º 9HUJOHLF ¯ ] ÁqÂ	°^µq¸ QGHU °µ .RPSOH[H µ
¸^µ° LQH ´ GHXWOLF ¯ ODQJVDPHU °^µ :DQGHUXQJVJHVFKZLQGLJNHL ¼ÃÁ	µÂ NOHLQHU °^µ 5 Ä 
:HUWH µ ] Át° UNHQQH µ VHLQ ± , º *HJHQVDW ÅÆÅﬁÁtÂ	°^µ ]XYR ´ EHVFKULHEH µ°^µ 5HDNWLR
QH µ ILQGH ¼ L µÇÂ LHVH º )D » » DOV ÈÆ° LQ ° 'HSURWRQLHUXQ ³ HLQH ¿ +\GUR[R/LJDQGH µ X µﬃÂ
QLFK ¼ HLQH ¿ $TXD/LJDQGH µ VWDWW ± 'L °h°^µ WVWDQGH µ°^µ .RPSOH[ °ÊÉ HVLW] °^µ VRPLW
HEHQIDOO ¿ HL µ° YLHUIDF ¯~µ° JDWLY ° *HVDPWODGXQ ³ËÁ	µÂ ]HLJ °^µÌ° L µ VFKQHOOHUH ¿
:DQGHUXQJVYHUKDOWH µ L º DONDOLVFK °^µ 0LOLHX ± (L µ 9HUJOHLF ¯ ]ZLVF ¯°^µÀÂ H º $U
VHQ X µÂÂ H º $QWLPRQNRPSOH ¾Å HLJ ¼½ GD Í GH ´ $UVHQNRPSOH ¾ EH ¶ HWZD ¿ QLHGUL
JHUH º S+:HU ¼ GHSURWRQLHU ¼ ZLUG ½ ZD ¿ I ´ DFLGHU ° +\GUR[ROLJ ¸^µÂ	°^µ VSULFKW ±
'LHVH ¿ (UJHEQL ¿ ZLU Â GXUF ¯ %HREDFKWXQJH µ Y È^µ $NL É¸o°ﬁ¼ DO ± JHVWW]W Î Ï¨Ð Ñ 'L °
$XWRUH µ VWHOOW °^µÒÉ°^¶ GH ´ 6\QWKHV ° Y È^µ PR[RYHUEUFNWHQ ½ KHWHURGLQXNOHDUH µ
3RUSK\ULQDW °^µÓ¸^Á¿ HLQH º $OXPLQLXPRFWDHWK\OSRUSK\ULQDW Á	µÂ 3KRVSKRU$UVHQ
E]Z ± $QWLPRQSRUSK\ULQDWHQ ½ GL °Ô° LQ °^µ 0HWK\O Á	µÂÔ° LQ °^µ +\GUR[ROLJ ¸^µÂ	°^µ EH
VDHQ ½ GHXWOLF ¯Æ¸ EIDOOH µÂ	° 5HDNWLRQV]HLW °^µ YR º 3KRVSKRU EH ´ GH µ $UVHQ EL ¿
]X º $QWLPRQNRPSOH ¾ IHV ¼¦± 6L °ÕÉ° JUQGHWH µÂ LHV °ÕÁ	µ WHUVFKLHGOLF ¯ﬃ° 5HDNWLYLWl ¼
GXUF ¯Â L ° YHUVFKLHGHQ °^µ $FLGLWlW °^µ GH ´ +\GUR[ROLJDQGHQ ± 'LH ¿ ZXU Â	° ZlKUHQ Â
GH ´ 5HDNWLR µÂ^Á UF ¯ 1058QWHUVXFKXQJH µ DQKD µÂÒÂ	°^´ DEIDOOHQ Â	°^µ 9HUODJH
UXQJVJHVFKZLQGLJNHLWGH ´ 0HWK\OSURWRQHQ6LJQDO °ÆÂ	° XWOLF ¯ÆÉ HREDFKWHWX µÂ ]ZD ´
L µÂ	°^´ 5HLKHQIROJ ° YR º 3RVSKRU EH ´ GH µ $UVHQ ]X º $QWLPRQNRPSOH[
'D ¿ /DXIYHUKDOW °^µ GH ´ .RPSOH[ ° DJ ZXU Â	° PL ¼ bQGHUXQJ °^µÆÂ	°^´ %DQGHQOD ³S°µ
L µ 899LV6SHNWU °^µ YHUJOLFKHQ ½ GL ° ]XVlW]OLF ¯ ] ÁÂ	°^µ 6SHNWUHQ ½ GL °h¸^Á¿ GH º












VSUHFKHQGH ÝßÞ +:HUW Ü^Ý DXIJHQRPPH Ý ZXUGHQ à 0 á^ÝâÜ UNHQQ ã GHXWOLFK Ü
EDWKRFKURP Ü 9HUVFKLHEXQJ Ü^Ýä	Ü^å %DQGHQODJ Ü^Ý_æÜ^ç HLQH å (UK|KXQ è GH é S+
:HUWHV à (L ÝÜ $XIWUDJXQ è GH å :HOOHQOlQJ Ü JHJ Ü^ÝÆä	Ü^ÝyÞ +:HU ã GH å /|VXQ è ]HLJ ã
HL Ý IDV ã LGHQWLVFKH é /LQLHQPXVWH å L ê 9HUJOHLF Û ]X å bQGHUXQ è GH å 5 ë :HUW Ü I å
ä	Ü^Ý MHZHLOLJ Ü^Ý .RPSOHì $EE
$EE à  í S+$EKlQJLJNHL ã GH å 899LV6SHNWU Ü^Ý D ê %HLVSLH î GH å 6RUHWEDQ äSÜ
Y ï^Ý DJ L Ý ZlULJ Ü^Ý 3XIIHUO|VXQJ Ü^ÝsæÜ^çðñ &
 7KHUPRJUDYLPHWULH
%H ç WKHUPRJUDYLPHWULVF ÛÜ^Ý 8QWHUVXFKXQJH Ý ZLU äÔä L Ü 0DVV Ü RGH å GL Ü 0DVVHQ
lQGHUXQ è HLQH å 3URE Ü L Ý $EKlQJLJNHL ã Y ï^Ýä	Ü^å 7HPSHUDWX å JHPHVVHQ à 0L ã VR
JHQDQQW Ü^Ý 7KHUPRZDDJ Ü^Ý N á^Ý	Ýä	á	é *HZLFK ã HLQH å 3UR æÜ L ÝòÜ LQH å GHILQLHUWH Ý
$WPRVSKlU Ü ZlKUH Ýﬃä HLQH é $XIKHL]YRUJDQJ éÒó RQWLQXLHUOLF Ûôá O é )XQNWLR Ýôä H å
7HPSHUDWX å RGH å GH å =HL ã YHUIROJ ã ZHUGHQ à =X å EHVVHU Ü^Ý ,QWHUSUHWDWL ï^Ý¹ä	Ü^å WKHU
PRJUDYLPHWULVF ÛÜ^Ý .XUY Ü^Ý 7*.XUYHQ õ ZLU äÛö XIL è GL Ü÷Ü UVW Ü ]HLWOLF ÛÜ $EOHLWXQ è
GH é 0HVLJQDO é EHUHFKQHW ø GL Üùá O é GLIIHUHQ]LHUW Ü WKHUPRJUDYLPHWULVF ÛÜ .XUY Ü
'7*.XUYH õ EH]HLFKQH ã ZLUG à 0DVVHQlQGHUXQJ Ü^Ý WUHW Ü^ÝÊÝ	ú	å EH ç %HWHLOLJXQ è
IOFKWLJH å 6XEVWDQ] Ü^Ýqá XI ø ZRGXUF Û VLF Û I å GL Ü 7KHUPRJUDYLPHWUL ÜòÜ L Ý JURH é






























$QZHQGXQJVJHELH ? L @ 8QWHUVXFKXQJH @ Y AB@ 9HUGDPSIXQJV C 6XEOLPDWLRQV C 'H
VRUSWLRQV E]Z D $GVRUSWLRQV C %UHQQ C 7URFNQXQJV C 2[LGDWLRQV E]Z D 5HGXNWL
RQV VRZL = =HUVHW]XQJVSUR]HVV =B@E= UJLEW F GIHJG K
, @ML LHVH N $UEHL ? GLHQW = GL = 7KHUPRJUDYLPHWUL = GD]X C GH @ :DVVHUJHKDO ? GH N 6XO
IRQDWRSKHQ\OSRUSK\UL @>=  OP@>L DJ GHU =B@ WKHUPLVFK = 6WDELOLWl ? X @>L JHHLJQHW =
7URFNQXQJVEHGLQJXQJ =B@ ] OQ= UPLWWHOQ D *UDYLHUHQG = 0DVVHQYHUOXVW =RLBO UF < $E
VSDOWXQ S GH N $[LDO/LJDQG =B@ ZXUGH @ QLFK ? HUZDUWH ?TC5LPUV=PWXW LF <VOZY $TXD E]Z D
+\GUR[R/LJ UB@>LP=B@[< DQGHO ?\D 8 Y HL @>=B@]= [DNWH @ 9HUJOHLF <^LP=BN HLQ]HOQHQ .RPSOH
[ = ] O JHZlKUOHLVWHQZXU LP=B@ 3UREH @ELP=BN ] O XQWHUVXFKHQ LP=B@ .RPSOH[ = PHKUHU =
7DJ = EH _`Zacb /XIWHXFKWLJNHL ? L @^= LQH Y ([VLNNDWR N EH N HLQH N JHVlWWLJW =B@ .RFK
VDO]O|VXQ S EL W ]X N *HZLFKWVNRQVWDQ d DXIEHZDKU ?\D $QVFKOLHH @L ZXU LP=B@eL L =
3UREH @ L @ HLQH Y .HUDPLNWLHJH f Y AB@ 5DXPWHPSHUDWX N DXg  hPh  i PL ? HLQH N *H
VFKZLQGLJNHL ? Y AB@Vj &PL @k= UKLW] ? XQ L DQVFKOLH =B@>LlU Xg FD Dmanh  i DEJHNKOW
'L =V= UKDOWHQH @ 7*.XUY =B@ ]HLJW =B@o= LQH @ SDUDEROLVFKH @ 9HUODXg RK @>= 8QVWHWLJ
NHLWHQ D $XF <pL L =XLPU UDX W HUPLWWHOW = '7*.XUY = ]HLJW = NHLQ = I N 3KDVHQEHUJlQ
J =]APLP=BN $EVSDOWXQJH @ FKDUDNWHULVWLVFK =B@ 9HUOlXI = $EE
$EE D  q 7KHUPRJUDYLPHWULVF <>= $QDO\V = GH W .RPSOH[H W H C 7*.XUY = 
'7*.XUY =  C 7HPSHUDWXUYHUODXI q JHVWULFKHOW =[r LQLH
9HUIROJ ? PD @^LP=B@ 9HUODXg GH N 7*.XUYH C V A LV ? ] O^= UNHQQHQ C GD s D t^= LQH N 7HP





EHGHXWH wTx GD y VlPWOLFKH z XQJHEXQGHQH z E]Z { DO z +\GUD w YRUOLHJHQGH z :DVVHU
DX z GH | 3UR }>v~vB WIHUQ w ZXUGH { %HWUDFKWH w P BPPz (QG v GH | .XUYH x V  ]HLJW
VLF u~v L >v 0DVVHQ]XQDKP vP WHUKDO }v LQH | 7HPSHUDWX | Y BﬀŁ & x ZD z DX 
VWDUNH x K\JURVNRSLVF u>v (LJHQVFKDIW vBePvB| .RPSOH[ vu LQZHLV w\{ (L >v JHQDX v
(UPLWWOXQ  H z *HZLFKWVYHUOXVWH z ]HLJW$EE { 
$EE {   (UPLWWOXQ  GH z *HZLFKWVYHUOXVWH z D  %HLVSLH  GH | WKHUPRJUDYLPHWUL
VF u>vB $QDO\V v Y B H x 7*.XUY v '7*.XUY v 
(L  7HPSHUDWXUSURILO x GD z HL  $XIKHL] vB8} L zk	PŁ  eP>l> F uXv LQH | 9HUZHLO]HLW
Y BXnŁ PL Xv L  ZHLWHUH z $XIKHL] vB8} L zMPŁPŁ   EHVFKUHLE wTx ]HLJW v NHL >vB ZHLWH
U vB *HZLFKWVYHUOXV w GH | 3U B}>vB L  H  7HPSHUDWXUEHUHLF u Y B	 ± Ł &
(L >v 7URFNQXQ  GH | .RPSOH[ v~P}>vB| PHKUHU v 6WXQGH  EH     VROOW v VRPLW
DXVUHLFKHQ x X  VlPWOLFKH z +\GUDWZDVVH | DX z GH  3URE vB ] vB WIHUQ v
*O {  { ) | GL v XQWHUVXFKWH  9HUELQGXQJ vB  X > DJ ZXU PvVv L  0DVVHQ
YHUOXV w Y BRﬀ   HUPLWWHO w 7DEHOO v  { 'LH z HQWVSULFKW x EH]RJ vBV X GL v
(LQZDDJH x GXUFKVFKQLWWOLF u	Ł  ﬀ :DVVHUPROHNOHQ x ZD z PL wPvB L  GH | /LWHUD
WX | EHNDQQWH  $QJDE vB Y Bﬀ :DVVHUPROHNO vB U  7HWUDNLVVXOIRQDWR
SKHQ\OSRUSK\UL ]P}>v UHLQVWLPPW   ¡¢¡ £ ¤¢¥ ¦
. § >0/ ¨ WSSV © @  + ¨ ª o . § >0/ ¨ WSSV © @ « Q+ ¨ 2 *O
¬®­





7DEHOO ±  ² 9HUJOHLF °k³P±B´ 0DVVHQYHUOXVW ±³P±B´ WKHUPRJUDYLPHWULVFKHQ $QDO\
V ±BµR³P±B´ 3RUSK\ULQV\VWHP ±  X µ>³ DJ ¶·µ¹¸ $Q]DK º GH ´ :DVVHUPROHNO ±» U ¼
3RUSK\ULQ
1U .XU]IRUPHO (LQZDDJ ± >PJ@ *HZ9HUO>PJ@ Q+ ½ 2
 . ½¿¾ À 1D Á\¾ À >+ ½ WSSV Â @   
D . ½¿¾ À 1D ÃÄ¾ À >$O+ ½ 2WSSV Â @   
E . ½¿¾ ½ÅÀ 1D ÃÄ¾ Æ¢À >*D+ ½ 2WSSV Â @   
F . ½ 1D>,Q+ ½ 2WSSV Â @   
G . ½¿¾ À 1D Á\¾ À >*H&O ½ WSSV Â @   
H . ½¿¾ À 1D Á\¾ À 6Q2+ ½ WSSV Â @   
I . Á\¾ Æ 1D Á\¾ Ç >$V2+ ½ WSSVÂ @   
J . ½ 1D>6E2+ ½ WSSV Â @   
$OO ± 3UREH µ ZXU ³P±Bµ]µ DF °E³P±B´ WKHUPRJUDYLPHWULVF °>±Bµ $QDO\V ±]È XÉ HL µ>±]± YHQWXHO
O ± =HUVHW]XQ Ê KL µ JHSU ÉË\Ì 'DEH Í ]HLJW ± VLF ° L Î )DOO ±³P±PÏ $UVHQNRPSOH[H Ï I
HL µ>± (QWPHWDOOLHUXQJ ¶ GL ± GHXWOLF °pÈµ GH ´ JUQH µ )DUE ±X³ H ´ XQWHUVXFKWH µ 3U ¼Ð±
VRZL ±RÈBµQ³P±Bµ I ´ IUHLH Ï SURWRQLHUWH Ï 3RUSK\UL µ FKDUDNWHULVWLVFK ±µ %DQG ±BµRÐ>±BÍ
ÑBÒ>Ñ[Ó
µ>³  Ô Q Î L Î 899LV6SHNWUX Î ]
Ó
± UNHQQH µ ZD ´mÕ $EE
$EE Ì 899LV6SHNWUX Î GH ´ 3UR Ð>±³P±PÏ HQWPHWDOOLHUWH µ .RPSOH[H Ï I





















'L ö (QWPHWDOOLHUXQ ÷ ]HLJW ö VLF õXøBù F õ L úXûPöBü NOHL ú>öBú :HU ý GH þ *HZLFKWVYHUOXV
WH þ Y ßBú[úPù  

  GH úPú P øBú PX  DQQHKPHQ  GD  EH  HLQH   WKHUPLVF õ>öBú (QW
PHWDOOLHUXQ ÷ HL ú 7H   GH þ :DVVHU þ XQWH   %LOGXQ ÷ Y ßBú +  $V2  JHEXQGH ú ZLUG
$EVFKOLHH ú>û Ol ý VLF õ VDJHQ  GD  L ú GH ü XQWHUVXFKWH ú 7HPSHUDWXULQWHUYD  
NHL ú>ö 3KDVHQEHUJlQJ ö VWDWWIDQGHQ 	 ( þ ODJ öBúQø OV ß NHLQ öRû HILQLHUW öBú +\GUDW ö
YRU 	 'L ö .RPSOH[ ö DJ VL ú>û PL ý $XVQDKP ö[ûPöPþ .RPSOH[H þ I DOO ö EL þ ] ùpö LQH  
7HPSHUDWX   Y ßBú







+3/&  VWHOO ý HL ú>ö OHLVWXQJVIlKLJ ö
0HWKRG ö ]X   7UHQQX ú÷ E]Z 	 5HLQLJXQ ÷ FKHPLVFKH   9HUELQGXQJH ú GDU  GHU öú
9RUWHLO ö L úXûPö  KR õ>öBú 7UHQQOHLVWXQ ÷ VRZL ö GH   NXU] öBú $QDO\VH]HL ý OLHJHQ 	 =DKO
UHLF õ>ö $QZHQGXQJH ú ILQGH ý GL ö +3/  L úoû H   0HGL]LQ  3KDUPD]L ö X ú>ûﬁﬀö EHQV
PLWWHOFKHPLH  GRF õø XF õ L úû H   SUlSDUDWLY öBú &KHPL ö JHZLQQ ý VL öeø O þ 5HLQL
JXQJVPHWKRG ö LPPH   PHK   D ú %HGHXWXQJ 	 (UVW ö $QIlQJ ö FKURPDWRJUDSKLVFKH  
9HUIDKUH ú VL ú>ûXøBù>þ GH ü -DK    ﬂ


Y ßBú 5XQJ öﬃ>ö NDQQ ý GH   )DUEVWRIIJHPLVF õ>ö




 "! ZXUG ö
GXUF õ VlXOHQFKURPDWRJUDSKLVF õ>ö 7UHQQXQ ÷ Y ßBú %ODWWIDUEVWRII öBúVû L ö *UQGXQ ÷
GH   &KURPDWRJUDSKL ö )DUEVFKUHLEXQJ  JHOHJ ý#	%$ ú ZHLWHU öBú -DKU öú ZXU ûPöBúlû L ö
3DSLHU   VRZL ö^û L ö 'QQVFKLFKWFKURPDWRJUDSKL ö   HQWZLFNHO ý#	&$ ú®ûPöBú
H   -DKUH ú ZXU ûPö DX' G öBú WKHRUHWLVFK öBú *UXQGODJH ú GH   OHW]W öBú -DKU]HKQW ö
EDVLHUHQ ûeû L ö +RFKOHLVWXQJVIOVVLJFKURPDWRJUDSKL öeöBú WZLFNHO ý XQ û( L þ KHXW ö
]X   6XSHU+3/  PL ý QRF õ K|KHUH   7UHQQOHLVWXQ ÷ ZHLWHUHQWZLFNHOW
, ú GH   3RUSK\ULQFKHPL ö ZLU ûcû L ö +3/  EH  GH   (UPLWWOXQ ÷ Y ßBú 3RUSK\ULQSURILOH ú




HUNUDQN ý VLQG  VRZL ö)>ö GH  




YHUZHQGH ý#	 $XF õû L ö 5HLQLJXQ ÷ Y ßBú +lPDWRSRUSK\UL ú ,;  GD þ ]X   'LDJQRV öXùPúû





(L ú>öQø XVIKUOLF õ>ö 'DUVWHOOXQ ÷ GH   &KURPDWRJUDSKL ö Y ßBú 3RU





%HULFKW ö Y ßBú %U\NL ú>ø EHLQKDOW öBú +3/&8QWHUVXFKXQJ öBú D ú 7HWUDSKHQ\OSRUSK\
ULQ öBúkùPú>û GHU öBú 'HULYDW öBú VRZL ökûPö U öBú .RPSOH[ öBúcûPöPþ =LQNV  3DOODGLXP þ X úû
$QDO\WLVF /10 &KDUDNWHULVLHUXQJ

.XSIHUV 2 354 6 7 8QWHUVXFKXQJ 08:98 ZDVVHUO|VOLF /108 3RUSK\UL 8108 ZXU ;08 YR 8
+DPEULJKW 2 6< 7 =81; 5LER 2 354 < 7 GXUFKJHIKUW > +DPEULJK ? DUEHLWHW 0 PL ? HLQIDFKH 8
&KURPDWRJUDSKLHVlXOHQ @ GL 0 PL ? 53 ACB 6LOLFDJH D JHIOO ? ZDUHQ @ X E YHUVFKLHGH 8
VXOIRQLHUW 0 3RUSK\ULQGHULYDW 0 YRQHLQDQGH F ] = WUHQQHQ > 5LE GIH10 VFKUL 0HJ; L 0 6\Q
WKHV 0 X 81; 7UHQQXQJH 8 YHUVFKLHGHQH F 6XOIRQLHUXQJVSURGXNW 0 Y G8 'LSKHQ\O
SRUSK\ULQHQ > %HLG 0 DUEHLWHWH 8KH10L QLHGULJ 08 'UFNH 8K=81; PXW 08:0 LQLJ 0
&KURPDWRJUDSKLH 8M8 DFKHLQDQGH F GXUFKIKUHQ @ X E HL 810 KRK 0 5HLQKHL ? GH F
HLQ]HO 8108 6XEVWDQ]H 8 ] =J0 U]LHOHQ > $XF /N; L 0 9HUXQUHLQLJXQ OP98N9 QRUJDQLVFKH 8
6DO] 08 ZD F EH LQLKQH 8 ] = JUR @R;9 VL 0S; LUHN ? GL 0 5HDNWLRQVPLVFKXQJ 08 L 8
JHSXIIHUW 0 6\VWHP 0 EHUIKUWH 8 X 81;9 XIWUHQQWHQ
, 8P; LHVH F $UEHL ? VROOWH 8 GL 0 ZDVVHUO|VOLFKHQ @ Y G8P981G UJDQLVFKH 8 6DO] 08TH10 UHLW U
EHIUHLWH 8 7HWUDVXOIRQDWRSKHQ\OSRUSK\UL 810 PL ? +LOI 0 GH F SUlSDUDWLY 08 +3/ V DXI
LKU 0 5HLQKHL ? JHSUWX? ZHUGHQ > ( UYU ROOW 0N= QWHUVXFK ? ZHUGHQ @ LQZLHZHL ? GL 0 V\QWKH
WLVLHUW 08 3RUSK\UL 810 PL ?Z? ULVXOIRQLHUWH 8 3RUSK\UL 8108 YHUXQUHLQLJ ? VLQG > 'H U ZHLWH
U 08 VROOW 08 9HUPXWXQJ 08 Y G8 6'+RIIPD 8"8YO HSUIWZHUGHQGH F DXIJU =81;Q98 D
O\WLVFKH F +3/&([SHULPHQW 0 ZlKU 081; VHLQH F 'LSORPDUEHL ? +LQZHLV 0 I F GL 0
([LVWHQ [ HLQH U ,VRPHU 08 Y G8 >+ \ WSSV
4
@ 4 ] JHIXQG 08 KDWWH @ L 8 GH E HL 810 GH F YLH F
6XOIRQDWJUXSS 08 L 8 GH F PHWD VWDW ? GH F SDUD3RVLWLR 8 HLQH U GH F YLH F %HQ]ROULQJ 0
VWHKW 2 4 ^ 7
 $QDO\WLVFK _ +3/&
$OOJHPHL 8`0 UIROJ ? EH L FKURPDWRJUDSKLVFK 08 0HWKRG 08a;0F 7UHQQXQJVSUR]H
LQGH E GD U 6XEVWDQ]JHPLVF / ]ZLVF /108 ]ZH L 3KDV 08 YHUWHLO ? ZLUG >cbdE )D D D GH F
)OVVLJFKURPDWRJUDSKL 0 VL 81;I; LH U GL 0 VWDWLRQlU 0 3KDV 0 )HVWN|USHUREHUIOlFKH e
=81;I; L 0 PRELO 0 3KDV 0 /|VXQJVPLWWHO > 'L 0I0 LJHQWOLF /10 7UHQQXQ O HUIROJ ? GXUF /
XQWHUVFKLHGOLF /10 9HUWHLOXQ O GH F DXI]XWUHQQHQ ;08 6WRII 0J9 XW GL 0ﬃH10 L ;08 3KDVHQ
, E )D D D GH F 1RUPDOSKDVHQFKURPDWRJUDSKLH @ PL ? GH Fgf#F HYHUV 0; h/19 VH³
&KURPDWRJUDSKL 0 GL 0T9E ZHLWHVWH 8 YHUEUHLWHW 0 0HWKR ;0T;0F +3/& @ EHUXK ? GL 0
7UHQQXQ O DXW GH F XQWHUVFKLHGOLF / VWDUN 08 $GVRUSWLR 8 GH F YHUVFKLHGHQ 08 3UR
EHPROHNO 0 D 8i;0F SRODU 08 VWDWLRQlUH 8 3KDV 0 .LHVHOJHO > $O U PRELO 0 3KDV 0
GLHQH 8kjml VXQJVPLWWHOJHPLVFK 0`=8 WHUVFKLHGOLFKH F 3RODULWl ?#> 1HEH 8 GLHV 08nH10 L
;08 0HWKRG 08ﬁ0 [LVWLHU 08o81G F / YLHO 0 ZHLWHU 0 &KURPDWRJUDSKLHDUWHQ @ ZL 0 ] > % >
$QDO\WLVF p1q &KDUDNWHULVLHUXQJ

GL q ,RQHQDXVWDXVFK rts RQHQSDDU r )OVVLJ)OVVLJ9HUWHLOXQJV uv1waw L q *HOFK
URPDWRJUDSKLH x $Xy HLQ q JHQDXHU q %HWUDFKWXQ z VRZL qNw L q (UNOlUXQ z GH { *UXQG
ODJ qvIw LHVH { HLQ]HOQH v 0HWKRG qv ZLU w}|vTw LHVH { 6WHOO q YHU]LFKWH ~ XQ w DXy GL q
/LWHUDWXU  5  YHUZLHVHQ
'L qJ|v1| O\WLVF p1q 7UHQQXQ z Y v 3RUSK\UL v1qv ZXU wqJwu UF p .ULW]HU  5   EHUHLW  DXV
JLHEL z XQWHUVXFK ~#x (  ZXU wqv I { GL q 8QWHUVXFKXQJH v VRZRK  .LHVHOJHO OL
SRSKLO q 3RUSK\ULQH  DO  DXF p 53  0DWHULDOLH v LRQLVFK q 3RUSK\ULQH  HLQJH
VHW] ~Łuv1wiq ZXU wqw L q 5HLQKHL ~ GH { 3RUSK\ULQV\VWHP qN1q USUI ~#x $XF p UlSDUD
WLY q 7UHQQXQJH v Y v .RPSOH[ qv GH  2FWDHWK\OSRUSK\ULQ  ZXU wqvq UIROJUHLF p
GXUFKJHIKU ~#x (UVW q UHSURGX]LHUEDU qn| QDO\WLVF p1q 7UHQQXQJ qv YR v ZDVVHUO|VOL
FKHQ 7HWUDNLVVXOIRQDWRSKHQ\OSRUSK\ULQH v PL ~ JXW qv 5HWHQWLRQV]HLW qv ZXU
wqv Y v .ULW]HU  5   uv1w +RIIPDQQ     XQWH { 9HUZHQGXQ z GH { ,RQHQSDDUFKURPD
WRJUDSKL qJwu UFKJHIKUW x (L v1q .RQWUROO q GH { =ZLVFKHQ uv1w (QGSURGXNWH r GL qﬃ1q
GH { 6XOIRQLHUXQ z Y vQ %LVGLSKHQ\OSRUSK\UL vqv WVWDQGHQ r GXUF p DQDO\WLVFK q
+3/  ZXU wqwu UF p 5L 1q EHQIDOO  PL ~ +LOI qw H { ,RQHQSDDUFKURPDWRJUDSKL q
GXUFKJHIKUW  5   %H  GLHVH { 0HWKR wq WUL ~~ GL q :HFKVHOZLUNXQ z GH { VWDWLRQlUH v
3KDV q PL ~ GH  ]XJHVHW]W qv ,RQHQSDDUUHDJHQ  HLQ r GD  VHLQHUVHLW  PL ~ G qvNq L
JHQWOLF p ] u WUHQQHQG qv 6XEVWDQ] qv L v :HFKVHOZLUNXQ z VWHK ~#x ) { GL q 7UHQQXQ z




8QWH { 9HUZHQGXQ z Y v 0HWKDQRO:DVVHU0LVFKXQJHQ r GL q PPRO  1%X

% {
HQWKLHOWHQ r ZXU wqv Y v +RIIPDQ v JXW q 7UHQQXQJ qvq U]LHO ~#x (L v} |VXQJVPLWWHO
YHUKlOWQL  Y vP&   0H2++

2  OLHIHUW q JXW q 5HWHQWLRQV]HLWHQ r L vPwq Q qvP| OO q
3UREHNRPSRQHQW qv LQQHUKDO  Y vJ C¡ PL vq OXLHU ~ ZHU wqv NRQQWHQ x $O  7UHQQHLQ
KHL ~ ZXU wqﬁq L v1q 6lXO q /L&KURVSKH { 53  PP £¢  ¤ PP  YHUZHQGH ~#x 'H {
/|VXQJVPLWWHOIOX ¥ EHWUX z}  POPLQ x 'L q $XVZHUWXQ z GH { &KURPDWRJUDPP q YHU
VFKLHGHQH { 7HWUDNLVVXOIRQDWRSKHQ\OSRUSK\UL v1q ]HLJW q+v1q1qv $EEDXSURGXN
W qvIu Q wIwq{ +DXSWIUDNWL vI1q HLQH { =HL ~ Y vﬃ  ¦ PL vﬃq L v1q 9HUXQUHLQLJXQ z Y v
EL  ] uJ&§ EH    PLQ r GL q L  899L  6SHNWUX ¨ L ~ GH { +DXSWIUDNWL v LGHQWLVF p
ZDU x (L v1q JHQDX q &KDUDNWHULVLHUXQ z GLHVH { ]ZHLW qv )UDNWL v ZD { DXIJU uv1wTwq{
] u JHULQJ qv 6XEVWDQ]PHQJ q QLFK ~ P|JOLFK x (  ZXU wq MHGRF p YHUPXWH ~r GD ¥ H 
VLF p X  HL v NRQIRUPDWLRQVLVRPHUH  7HWUDVXOIRQD ~ KDQGHO ~r L v GH  HL v +$WR 
HLQH  %HQ]ROULQJ  QLFKWL vQ1| UD VRQGHU v L v PHWD RGH { RUWKR3RVLWLR vwu UF pYq LQ q
$QDO\WLVF ©1ª &KDUDNWHULVLHUXQJ

6XOIRQDWJUXSS ª VXEVWLWXLHU « LV «#¬ 7HWUDSKHQ\OSRUSK\ULQH ­ GL ª L ®¯ UWKR3RVLWLR ® VXO
IRQLHU « VLQG ­ ZXU °ª® L ®ª LQH ± $UWLNH ² Y ¯® $7UHLE ³ EH ´ GL ª 6\QWKHV ª Y ¯® PHVR
VXEVWLWXLHUW ª® 3RUSK\UL ®1ª®ª UZlKQW µ ¶· ¸ 'LHVH ´ VHW]W ª 3\UUR ² PL « GH ± 1DWULXPVDO ¹
HLQH ³ %HQ]DOGHK\G ³ XP ­ GH ´ L ®º¯ UWKR6WHOOXQ » VXOIRQLHU « ZDU ¬ 105'DW ª®º°ª´
Y ¯® $ ¬ 7UHLE ³Y³ \QWKHWLVLHUW ª® 9HUELQGXQJ ­ GL ªiª L ®1ª® +LQZHL ³ DX¼ GL ª 6LJQDOODJH ®
L ± ½ +1056SHNWUX ± KlWW ª® OLHIHU ® N|QQHQ ­ VL ®1° MHGRF ©i® LFK « EHNDQQ «#¬ ( ³Y³ WHOO
W ª VLF © VRPL « GL ª $XIJDEH ­ HL ®1ª JHHLJQHW ª 0HWKRG ª I ´ GL ª SUlSDUDWLY ª +3/ ¾ ] ¿
HQWZLFNHOQ ­ X ± GD ³ XQEHNDQQW ª 3URGXN « GH ´ ]ZHLW ª® )UDNWL ¯® L ® JHHLJQHWH ´
0HQJ ª ] ¿ LVROLHU ª® XQ ° ] ¿ LGHQWLIL]LHUHQ
 3UlSDUDWLY À +3/&
%HL ± hEHUWUDJ ª®J°ª´ DQDO\WLVF ©1ª® 7UHQQXQ » DX¼ GL ªIÁ UlSDUDWLY ª +3/&$QOD »"ª
VR ² ² HLQHUVHLW ³ HLQ ª KR ©1ª 7UHQQOHLVWXQJ ­ G ¬ K ¬ HL ®1ª K ¯©1ª $XVEHXW ªﬃ¿®1° 5HLQKHLW
GH ´ HLQ]HOQH ® )UDNWLRQ ª®ª U]LHO « ZHUGHQ ­ DQGHUHUVHLW ³ GL ª M ª 'XUFKODX¼ WUHQQEDU ª
3UREHPHQJ ª P|JOLFKV « JUR Â VHLQ ¬ 0 Ã® VSULFK « L ®Ä° LHVH ± =XVDPPHQKDQ » KlX
IL » Y ¯® GH ± ÄPDJLVF ©1ª® 'UHLHFN³ ­ GD ³ VLF ©NÃ¿1³ 6HOHNWLYLWl «­ .DSD]LWl « XQ ° *H
VFKZLQGLJNHL « ]XVDPPHQVHW] «#¬ ' Ã VLF ©nÅ1ªÆ GH ´ 8PUHFKQXQ » Y ¯®o°ª´ DQDO\WL
VF ©1ª® ]X ´ SUlSDUDWLYH ® 6lXO ªR° L ª WUHQQEDU ª® 3URGXNWPHQJ ª®RÅ1ª LGH ´ 6lXO ª® ZL ª
GHU ª® UDGLDO ª 2EHUIOlF ©1ª YHUKDOWHQ ­ HUKLHO « P Ã® XQWH ´ %HUFNVLFKWLJXQ » GH ´
.RUQJU| ª®ﬁª LQH ®Ç |VXQJVPLWWHOIOX Â Y ¯®}ÈÉ POPLQ ¬ $O ³ /|VXQJVPLWWH ² ZXU °ª
GD ³ EHZlKUW ª 0H2+:DVVHU*HPLVF © YR ®  ÈÊË°ª´ DQDO\WLVF ©1ª® 7UHQQXQ »
YHUZHQGH «­ GD ³ PL « +LOI ª ]ZHLH ´ 'RSSHONROEHQSXPS ª® DX ³ UHL ®1ª®TÇmÌ VXQJVPLW
WHO ® JHPLVFK « ZXU °ª X ®1° VRPL « MHGHU]HL « DX¼ HL ®1ª *UDGLHQWHQPHWKR °ª¿ PJHVWHOO «
ZHU °ª® NRQQWH ¬ %HLG ªgÇmÌ VXQJVPLWWH ² HQWKLHOW ª®Íª L ®1ª 0HQJ ª Y ¯®SÊ PPRO ²
1%X Î %U ¬ 8QWH ´ %HQXW]XQ » HLQH ´  É P ² 3UREHQVFKOHLI ª ZXU °ª® MHZHLO ³  É P »
6XEVWDQ ¹ L ®ºÏCÊ P ² GH ³ 0H2+:DVVHU*HPLVFKH ³ JHO|V «%¿®1° DXIJHJHEHQ ¬ 'L ª
)UDNWLRQLHUXQ » ZXU °ª Y ¯® + Ã®1°ﬁ°¿ UFKJHIKU «#¬ 'L ªﬁª LQ]HO ®1ª® 3UREHNRPSRQHQ
W ª® NRQQW ª® PL « HLQH ± 899L ³ 'HWHNWRU ­ GH ´ DX¼ GL ª :HOOHQOlQJ ª GH ´ 4%DQ °"ª
EH Æ  ÏCÈ®± HLQJHVWHOO « ZDU ­ IUDNWLRQLHU « ZHUGHQ ¬ (LQ ª 6NL]] ªo°ª´ SUlSDUDWLYH ®
+3/& $QODJ ª ]HLJW$EE ¬ 
$QDO\WLVF Ð1Ñ &KDUDNWHULVLHUXQJ

$EE Ò 6NL]] ÑQÓÑÔ YHUZHQGHWH Õ SUlSDUDWLY ÑÕ +3/& $QODJH
'L ÑºÑ UVW ÑÕ 7UHQQXQJH ÕÓÑÖ 7HWUDNLVVXOIRQDWRSKHQ\OSRUSK\ULQ Ö OLHIHUW ÑÕÑ L Õ
&KURPDWRJUDP ×Ø× L Ù HLQH Ô +DXSWIUDNWLR ÕIÚÕmÓ HLQHU ]ZHLW ÑÕ NOHLQHU ÑÕ )UDNWLRQ
GD Ö GH Ô DQDO\WLVF Ð1ÑÕ +3/ Û HQWVSUDFK Ò 'H Ö ZHLWHU ÑÕ ZXU ÓÑÕ QRF ÐﬃÑ LQ Ñ NOHL ÕmÑ
9RUIUDNWLR Õ XQ ÓÑ L Õ1Ñ  Ò )UDNWL ÜÕﬃÕ1Ý F Ð 8PVWHOOXQ Þ GH Ö /|VXQJVPLWWHOYHUKlOWQLV
VH Ö EH ß HLQH Ô /DXI]HL Ù Y ÜÕáàCâ 0LQXW ÑÕ DXã  äkÑ OXLHU Ù#Ò %HGHQNHQVZHU Ù HU
VFKL ÑÕÄÑ L Õ VHK Ô VWDUNH Ö 7DLOLQ Þ QDF ÐÓÑÔ +DXSWIUDNWLRQ å GD Ö L ÕÄÑ LQH Ô DQJHKREH
Õ1ÑÕ %DVLVOLQL Ñæ L Ö ]X × QlFKVW ÑÕ 3HD ç DQKLHO Ù $EE Ò  Ò (LQ Ñ JXW Ñ 7UHQQXQ Þ
ZD Ô XQWH ÔtÓÑÕ JHJHEHQH Õ 8PVWlQGH ÕnÕ LFK Ù P|JOLFK Ò 'L Ñ 1056SHNWUH Õ GH Ô
DXIJHDUEHLWHW ÑÕ ]ZH ß +DXSWIUDNWLRQ ÑÕ ZDUH Õ EL Ö DXã JHULQJ Ñ 8QWHUVFKLHGH å GL Ñ
HL Õ1Ñ 6XEVWLWXWL ÜÕ L Õ PHWD3RVLWL ÜÕ)Ñ UDKQH Õ OLHHQ å LGHQWLVFK Ò (L Õ *U ÚÕ1Ó I Ô GL Ñ
hEHUODJHUXQ Þ VFKL ÑÕ HL ÕRè1Ñ UPDQHQWH Ô $XVWDXVF ÐéÓÑÔ .DOLXPLRQH Õ GXUF Ð 1%X ê ë 
,RQH Õ ] Ú VHLQ å GH Ô ODQJVD × DXã GH Ô 6lXO Ñ VWDWWIDQG Ò 'XUF ÐPÑ L Õ1Ñ (UK|KXQ Þ GH Ô
1%X ê %U.RQ]HQWUDWLR Õ L ÕoÓÑÔ 3UREHQO|VXQ Þ DXã GD Ö DFKWIDF Ð1Ñ GH Ô 3RUSK\ULQ
.RQ]HQWUDWLR Õ JHODQ Þ HV å GD Ö 7HWUD1%X ê 6DO ì GH Ö 3RUSK\ULQ Ö YROOVWlQGL Þ ] Ú
HU]HXJ ÑÕÚÕ1Ó GDGXUF Ð}Ó H Õ $XVWDXVFKHIIHN Ù DXã GH Ô 6lXO Ñ ] Ú YHUKLQGHUQ Ò ( Ö















 9RUUDWVJHIlH $ XQG %
 6LQWHUPHWDOOILOWHU
 3UlSDUDWLYH +3/&3XPSHQ
 'UXFN ÚÕ1Ó )OXPHVVXQJ
 0LVFKVlXOH
 5HRG\QH9HQWL ð PLW3UREHQVFKOHLIH
 3UlSDUDWLY Ñ 6lXOH
899LV'HWHNWRU
 ,QWHJUDWR Ô XQG 6FKUHLEHU
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@
û ü
 ý PLW
VWDUNH õ 7DLOLQ ø RKQ ò YRUKHUJ òñ1ò÷1þò 9HUGUlQJXQ ø GH ö .DOLXP,RQHQ
=HLW>PLQ@
$EE ó  ô &KURPDWRJUD õQõ HLQH ö JXW ò÷ 7UHQQXQ ø Y ù÷ >+ ú 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û ü
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$EE   1 &KURPDWRJUD 2 HLQH
	














































7DEHOO 9  : $QJDEH ; ] <0=9; SUlSDUDWLY 9; 7UHQQXQJHQ
6WDWLRQlU 9 3KDVH : /L&KURVSKH > 5 ?  @  ACB PP D  E#FG2G 0HUFN H (OXHQW :
0H2++ I 2 DJF PPR K 1%X L %U H )OXUDWH :JMB POPLQ H 'HWHNWLRQ : O N  ACM QP H 3UR
EHVFKOHLIH ACB PO3UREHJHPLVFK BB P O 6XEVWDQ]JHO|VWL ;$ACF P K 0H2++ I 2
YHUVHW]WPLWDFKWIDFKH GPG RODUH ; hEHUVFKX Q2R; 1%X L %U
6XEVWDQ] )U1U 0H2++ I 2 W SﬂT >PLQ@ 3HDNIOlF 89 >@
>+ I WSSV L @
L U
   
   
   
 VXW   
*HPLVF 8 DXV    
>+ I WSSV L @
L U
    
>+ I WSSV Y @
Y U
   
 VXW   
>$OWSSV L @
Y U
   
   
   6FKXOWHU
   
>3WWSSV L @
L U
   
   
   
 VXW   
D1DF 87E#B PL ; ZXUG 9 GD Z 0H2++ I 29HUKlOWQL Z DXI B YHUlQGHUW
1DF 8 MHGH > 7UHQQXQ O ZXU =9[= L 9 6lXO 9\ACF PL ; PL ] HLQH G /|VXQJVPLWWHOYHUKlOW
QL Z Y ^;_@B  B Y ^; 0H2 ` ] < :DVVH > JHVSO ]D X G DOO 9a< QSRODUH ; .RPSRQHQWH ;
] <b9 OXLHUHQ c = < %HJLQ ; MHGH > 7UHQQXQ O ZXU =9\= L 9 6lXO 9dE#B PL ; PL ] GH G /|
VXQJVPLWWH K L G JHZQVFKW 9; 0LVFKXQJVYHUKlOWQL Zfe RQGLWLRQLHU ]Xc 'XUF 8f=RZ 8P
VWHOO 9;b=9Z 0LVFKXQJVYHUKlOWQLVVH Z GH > /|VXQJVPLWWH K ZlKUHQ = GH > 7UHQQXQ O
Y ^;aghF  F DXi  B 0H2++ I 2 j NRQQW 9d= L 9 $QODJ 9\; LFK ] PL ] HLQH > 5FNIK
UXQ O GH Z (OXDW Z EHWULHEH ; ZHUGHQ c 'H > /|VXQJVPLWWHOYHUEUDXF 8 HUK|KW 9 VLF 8
GDPL ] DXIHWZ RkA  @3l LWH > SU ^kA  B P O DXIJHJHE 9;9 3UREH
$QDO\WLVF mn &KDUDNWHULVLHUXQJ

1DF m GH o (QWIHUQ npfqnr /|VXQJVPLWWHOJHPLVFKH r L s 9DN s ZXUGH p GL n[n OXLHUWH p
)UDNWLRQH ptqu UF m 8OWUDILOWUDWLR p YR o EHUVFKVVLJ np 1%X v % w EHIUHL x XQ q GXUF m
899LV upq 1056SHNWURVNRSL n LGHQWLIL]LHU xXs 'L n$n UVW n )UDNWL ypznp WKLHO x $EEDX
SURGXNWH s 'L n ]ZHLW n )UDNWL yp[np WKLHO x GD r YLHUIDF m L pt{| UD6WHOOX p*} VXOIRQLHUW n
3RUSK\ULQ s 'L nfq ULWW n )UDNWL ypznp WKLHO x GD r 6WHOOXQJVLVRPHU ~ HL pn 6XOIRQDWJUXSS n
L p PHWD6WHOOXQ }\upqbq L n YLHUW n )UDNWL yp WULVXOIRQLHUWH r 3RUSK\ULQ s ) w HL pn (U
OHLFKWHUXQ } GH w $XVZHUWXQ } GH w 1056LJQDO n ZXUGH HL p VXOIRQLHUWH r 7HWUD
PHWK\OSKHQ\OSRUSK\UL p  SUlSDUDWL  DXIJHWUHQQ x XQ q\q L n +DXSWIUDNWLRQ ~ 7HWUD
NLVPHWK\OVXOIRQDWRSKHQ\OSRUSK\ULQ ~ DXIJHDUEHLWH xXs 'D r  +105
6SHNWUX o GLHVH w )UDNWL yp OLHIHUW n| OOHUGLQJ rk HL pn NODU np 6LJQDOH ~ GL n I w HLQH p
9HUJOHLF m PL x GH o L p PHWD3RVLWLR p VXOIRQLHUWH o 7HWUDSKHQ\OSRUSK\UL pm WWH p
YHUZHQGH x ZHU qnp N|QQHQ s (LQ n hEHUVLFK x EH w GL n  +1056SHNWU np_upq 'D
W np$qnw YHUVFKLHGH p )UDNWLRQH p ]HLJ np $EE s  XQ q $EE s  VRZL n 7DEHOO n
 s#o IROJHQGH p 6FKHP |  VL pqq L n YHUVFKLHGH p VXEVWLWXLHUW np 3KHQ\OULQJ n
DXIJHIKUW
6FKHP |   8QWHUVFKLHGOLF mn $U x XQ q $Q]DK  GH w 6XEVWLWXWLRQH pk|p GH p 3KH
Q\OULQJ np L p PHVR3RVWLRQH p GH r 3RUSK\ULQ r 
, p 6FKHP |  VL pqbq L n YHUVFKLHGHQH p 6XEVWLWXWLRQVPXVWH w D pqnp 3KHQ\OULQ
J npqnr 3RUSK\ULQ r  GDUJHVWHOO x~ GL n PL x +LOI n Y yp 1058QWHUVXFKXQJ np LQ qn#p
HLQ]HO pnp )UDNWLRQ np JHIXQGH p ZXUGHQ s 'L n =DK  YR w GH o 0XOWLSOLNDWLRQV]HL
F mnp JLE x DQ ~ ZL nm XIL } GH w MHZHLOLJ n 3KHQ\OULQ } D o 3RUSK\UL p YRUNRPPW sŁo
)D   GH w 6XOIRQDWJUXSS n L p PHWD3RVLWLR p VL p*q GL n +$WRP n D o 3KHQ\OULQ } GXUF m
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7DEHOO Ð  Ñ Ò +105'DWH Ó  Ô 0+] Õ GH Ö HOXLHUWH Ó 7HWUDQEXW\ODPPRQLXP
6DO] Ð L Ó '062G × GL Ð 'DW ÐÓtØÐÖ 1%X Ù +$WRP Ð VL ÓØ L Ó 7DEHOO Ð  DXIJH
IKUW
)UDNWL ÚÓ 1U 9HUELQGXQJ G >SSP@0XOWLSOL]LWl ÛÜ +$WRPH
 >+ Ý WSSV Ù @
Ù Þ
 Ôß G+ Ü P6XOIRQDWRSKHQ\O+
 àCá G+ Ü R6XOIRQDWRSKHQ\O+
 â V+ Ü 3\UURO+
 >+ Ý WSSV Ù @
Ù Þ
 â P Ü ++ ã X ÓØ + ä 
 Ôß G+ Ü P6XOIRQDWRSKHQ\O+
 á P Ü ++ å 
 àCá P Ü +R6XOIRQDWRSKHQ\O+
 æ V++ç 
 è P Ü +3\UURO+
 >+ Ý WSSV é @
é Þ
 ê P Ü + Ü P XQ Ø3ë 3KHQ\O+
 Ôß G+ Ü P6XOIRQDWRSKHQ\O+
 àCá G+ Ü R6XOIRQDWRSKHQ\O+
 ì P Ü +R3KHQ\O+
 è P Ü +3\UURO+
7DEHOO Ð  Ñ Ò +105'DW ÐÓ  Ô 0+] Õ GH Ö 7HWUDQEXW\ODPPRQLXP+$WRP Ð
L Ó '062G × /DJHEHUHLF ÏÐ GH Ö 6LJQDO Ð GH í MHZHLOLJ ÐÓ Ò +6LJQDOV
G >SSP@ 0XOWLSOL]LWlW+$WRPH
 W+ Ü 1&+ Ý &+ Ý &+ Ý &+ î
 V+1&+ Ý &+ Ý &+ ï &+ é
 T+1&+ Ý &+ ï &+ Ý &+ é
 P Ü +1&+ ï &+ Ý &+ Ý &+ é
Ò
é
&105([SHULPHQW Ð GH Ö HOXLHUW ÐÓ )UDNWLRQ ÐÓkð  â ZXU ØÐÓkÐñ HQIDOO í GXUFKJH
IKUW ò ( í ZXUGH Óó#ô IJUXQ Ø GH Ö QX Ö EHGLQJWH Ó /|VOLFKNHL Û GH Ö 6XEVWDQ] ÐÓ PLWWHO
PlLJ Ð 6SHNWUH ÓõÐ UKDOWHQ Ü Y ÚÓ GHQH ÓõØ L Ð 6SHNWUH Ó GH Ö ]ZHLW ÐÓ&ôÓØ YLHUWH Ó
)UDNWL ÚÓ L Ó$ØÐÓ $EE ò  ôÓØ $EE ò  ] ô VHKH Ó VLQG ò /HLGH Ö LV Û H í QLFK Û JH
OXQJHQ Ü Y ÚÓ_ØÐÖ GULWWH Ó )UDNWLR Ó HL Ó_ö HHLJQHWH í Ò
é
&1056SHNWUX ÷ ] ôñÐ NRP
$QDO\WLVF øù &KDUDNWHULVLHUXQJ

PHQ ú &+.RUUHODWLRQV6SHNWU ùû NRQQW ùû DXIJU üûý GH þ ] ü JHULQJ ùûßù UUHLFK
EDU ùû .RQ]HQWUDWLRQH û QLFK   DXIJHQRPPH û ZHUGHQ
$EE ú 

&1056SHNWUX  GH þ )UDNWLR û
$EE ú 

&1056SHNWUX  GH þ )UDNWLR û
	






























$QDO\WLVF  "! &KDUDNWHULVLHUXQJ

%HL # 9HUJOHLF  %$&!(' 6SHNWU !() IDOOH )%$ HXWOLF  "! 9HUlQGHUXQJ !() L )*$&!(' $Q]DK + GH '
6LJQDO !-, X.0/ $XIJUXQ $ GH ' JHULQJHU !() 6\PPHWUL !-$&!&1 7UL6XOIRQDW 1 NRPP 2 H 1 ] 3
$XIVSDOWXQJH ) GH ' 6LJQDO !4$&!(' QLFK 2 PHK ' lTXLYDOHQW !() &$WRPH / =ZH 5 QHX !
6LJQDO !76 XQ $  8 HUVFKHLQH ) EH 5  9;: ]Z /  < SSP = GL ! GH # & XQ $
&$WR # GH 1 %HQ]ROULQJ 1?>( &)"! 6XOIRQDWJUX @&@"! ]X]XVFKUHL :"!() VLQG / (L )"! $XI
OLVWXQ A GH ' 6LJQDO ! XQ $ GH ' HQWVSUHFKHQGH ) &$WRP ! ILQGH 2 VLF  L ) GH ' IROJHQ
$&!() 7DEHOOH
7DEHOO !  B 9HUJOHLF  C$&!(' DE &105'DW !()  6&F 0+] G GH ' HOXLHUW !() 1%X H 6DO] !
L ) '062G I
6LJQDO1U &$WRP )U )U
 1&+ J &+ J &+ J &+
E
 
 1&+ J &+ J &+ J &+
E
 
 1&+ J &+ J &+ J &+
E
 
 1&+ J &+ J &+ J &+
E
 
 0HWKLQ&  
 PHWD3KHQ\O&  
 3DUD3KHQ\O&  
 3\UURO&  





 &3KHQ\O  
 &6XOIRQDWRSKHQ\O  
, ) ZHLWHU !() 8QWHUVXFKXQJ !() ZXU $&! JHSUIW = ZL ! ! PSILQGOLF  M$&,&1 YHUZHQGHW !
6\VWH # DX. JHULQJ ! 9DULDWLRQH ) UHDJLHU 2N/ 6 > ZXU $&! ]X # HLQH )-$ H ' 0HWKDQRODQ
WH 5 + GH 1 /|VXQJVPLWWHO 1 Y >()POFRQ&:"!('S6&TR: L 1*6&FVU HUK|KW / (LQH ' 9HUNU] 3&)"AW$&!('
5HWHQWLRQV]HLW !() VWDQ $ ]XQlFKV 2 HL )"! 9HUVFKlUIXQ A GH ' 3HD X1 JHJHQEHU = GL !
MHGRF  EH 5 ZHLWH ' VLQNHQGH ' 3RODULWl 2 GH 1 /|VXQJVPLWWHO 1 QLFK 2 PHK ' YROOVWlQGL A
YRQHLQDQGH ' DEJHWUHQQ 2 ZHU $&!() NRQQWHQ / (L )"! (UK|KXQ A GH ' 3RODULWl 2 GXUF  
(LQVWHOOXQ A HLQH 1 9HUKlOWQLVVH 14YZ>()[O  T KDWW ! ]X ' )ROJH = GD \ VHK ' EUHLW !
3HD X1 PL 2 VHK ' KRK !]) 5HWHQWLRQV]HLW !() GHWHNWLHU 2 ZXUGHQ = V > GD \ HL )"! 7UHQ
QXQ A QLFKWPHK ' P|JOLF  ZDU / 'XUF  (UK|KXQ A GH 1 /|VXQJVPLWWHOIOXVVH 1 Y >()?^&T
EH '  F EL 1  T POPL ) ZXU $&! NHLQ !7A UR ! bQGHUXQ A GH ' 7UHQQXQ A HU]LHO 2N/ 'L !
$QDO\WLVF _"` &KDUDNWHULVLHUXQJ

6XEVWDQ] `(a ZXUGH a PL b HWZD c JHULQJHU `(a 5HWHQWLRQV]HLW `(a4` OXLHU bed GL ` 7UHQ
QXQ f ZXU g&`ih OOHUGLQJ c QLFK b ZHVHQWOLF _ YHUEHVVHU bNj $Xk HLQ `(a K|KHUH aml |
VXQJVPLWWHOIOX n ZXU g&` ZHJ `(aog&`(p DQIDOOHQGH aqf U|HU `(a $EIDOOPHQ f` YHU]LFKWHW
, ar` LQH p ZHLWHU `(a 9HUVXFKVUHL _"` ZXU g&` XQWHUVXFK bed ZL ` VLF _rg L `Ms QWHUVFKLHGOL
F _"`(a 6\QWKHVHEHGLQJXQJ `(a EH t GH p 'DUVWHOOXQ f GH c 6XOIRQDWRSRUSK\ULQ c DX k
GH a 6XOIRQLHUXQJVJU h&guh(s VZLUNHQ j +LHU] s ZXU g&`(a-g UH t YHUVFKLHGHQ ` 6\QWKHVH a
PLWHLQDQGH p YHUJOLFKHQ j 1 `(v"`(aw` LQH p &KORUVXOIRQLHUXQ f ZXU g&`-` L a"` 6XOIRQLHUXQ f
GH c 7HWUDSKHQ\OSRUSK\ULQ c GXUF _ + x 62 y XQ g 2OHX z EH t 5DXPWHPSHUDWX p|{ 57 }
s&a"g~v"`(t   GXUFKJHIKU bNj ( cPc WHOOW ` VLF _ KHUDXV d GD n EH t GH p OHW]WJHQDQQWH a
6\QWKHV ` IDV b   WHWUDVXOIRQLHUWH c 3RUSK\UL ah O c 3URGXN b YRUODJ j %H t GH p
'DUVWHOOXQ f GXUF _ &KORUVXOIRQLHUXQ f ZD p HL a"` 9HUXQUHLQLJXQ f GXUF _ WULVXOIRQLHU
WH c 3RUSK\UL ag&`(s WOLF _ DQK h(a"g~g&`(p 7UHQQX af ] s` UNHQQHQ j (L a"` 6\QWKHV ` EH t
5DXPWHPSHUDWX p IKUW ` ] s& WULVXOIRQLHUWH z 3RUSK\ULQ d ZD c L z 105
6SHNWUX z EHUHLW c YR p GH p SUlSDUDWLY `(a 7UHQQXQ f GHXWOLF _ ] sC` UNHQQ `(a ZDU j $OO `
7UHQQXQJ `(a ZXU g&`(aWa"h F _Pg H z EOLFK `(a 9HUIDKU `(a GXUFKJHIKU b VL `(_"` 7DEHOO `
 jŁa 7DEHOO `  VL a"gPg L ` UR]HQWXDO `(a 0HQJ `(a-h(a VXOIRQLHUWH a 3URGXNW `]a
QDF _ 6\QWKHVHEHGLQJXQJ `(a JHRUGQH b DXIJHIKUW
7DEHOO `   $QJDEH a ]X p 3UIXQ f GH c 6XOIRQLHUXQJVJUDGHV
6XOIRQLHUXQJVDUW >+ x WSSV y @
y 
>@ >+ x WSSV  @
 
>@ 5HVW>@
6XOIRQLHUXQ f &   
6XOIRQLHUXQ f 57   
&KORUVXOIRQLHUXQJ   
%H t %HWUDFKWXQ f GH p 7DEHOO `  LV b GHXWOLF _ ] s*` UNHQQHQ d GD n GXUF _ 6XOIRQLH
UXQ f EH t&   GL ` K|FKVW ` $XVEHXW `4h(a WHWUDVXOIRQLHUWH z 3RUSK\UL a;` UUHLFKW
ZLUG j 6RZRK  GL ` &KORUVXOIRQLHUXQ f DO c DXF _w` L a"` 6XOIRQLHUXQ f EH t 5DXPWHPSH
UDWX p HUJ `(v"`(aV` LQ `(a KRKH a $QWH t (h(a WULVXOIRQLHUWH z 3RUSK\ULQ j 9HUJOHLFK b PD a
GL ` $XVEHXWH a GH p M ` QDF _ 5HDNWLR a HUKDOWHQ `(a VXOIRQLHUW `(a 3RUSK\ULQH d V  ZLU g
GHXWOLFK d GD n HLQ ` 6XOIRQLHUXQ f*v H t&   VWHW c ] s?g&`(a VFKOHFKWHVWH a $XVEHXW `]a
IKUW j 'L ` UHODWL  KDUWH a 5HDNWLRQVEHGLQJXQJ `(a IKUH a GD]X d GD n HL a 7H t  GH c
7HWUDSKHQ\OSRUSK\ULQ c GXUF _g L ` 6FKZHIHOVlXU ` ]HUVW|U bs&a"g L a GH p IROJHQGH a
$XIDUEHLWXQ f DEJHWUHQQ b ZLUG j 0 h(aC` UKlO b DOV  U  6WRIIPHQJ `%` LQJHVHW]WH c 7H
$QDO\WLVF " &KDUDNWHULVLHUXQJ

7HWUDSKHQ\OSRUSK\UL  ZHQLJH  VXOIRQLHUWH  3RUSK\ULQ  GD  DEH  HLQH  KRK ]
$QWH   ( WHWUDVXOIRQLHUWH ¡ 3URGXN ¢ DXIZHLV ¢N£ (LQH  KR "( 5HJLRVHOHNWLYLWl ¢ VWHKW
VRPL ¢ HLQ  JHULQJHU  $XVEHXW  JHJHQEHU £ 'LHVH  (UJHEQL  HQWVSULFK ¢ GH  %H
REDFKWXQJH  Y ¤( +DPEULJK ¢ XQ ¥ 5LER  GL  6XOIRQLHUXQJVUHDNWLRQ ( EH  XQWHU
VFKLHGOLFKH  7HPSHUDWXU ( X "¥ 5HDNWLRQV]HLW ( PL ¢ +LOI  Y ¤( )OVVLJFKURPD
WRJUDSKLH8QWHUVXFKXQJ ( YHUIROJWHQ ¦ §0¨ © ª¬«­¨ ®
=XVDPPHQIDVVHQ ¥ Ol ¢ VLF  VDJHQ  GD ¯ PL ¢ +LOI  GH  SUlSDUDWLY ( +3/ ° 9HU
XQUHLQLJXQJ ( L  GH  V\QWKHWLVLHUW ( 3RUSK\UL "( (± JHWUHQQ ¢ XQ ¥ LGHQWLIL]LHU ¢
ZHU ¥&( NRQQWHQ  GL  L   OHNWURSKRUHWLVFK ] XQ ¥ VSHNWURVNRSLVFK ( 8QWHUVX
FKXQJ (u LFK ¢ ] ²% UNHQQH  ZDUHQ £ (  ZXU ¥& IHVWJHVWHOO ¢e GD ¯ EH  GH  6XOIRQLH
UXQ ³ Y ¤( 7HWUDSKHQ\OSRUSK\UL  HEH  GH  9HUXQUHLQLJXQJH  D  WUL RGH  DXF 
GLVXOIRQLHUWH ¡ 3RUSK\UL  L  6WHOOXQJVVLVRPH  DXIWUL ¢´¢e L  GH ¡ HL " 6XOIR
QDWJUXSS  L  PHWD3RVLWL ¤( GH  %HQ]ROULQJ  JHEXQGH  LV ¢N£ 'LHVH  ,VRPH  NRQQ
W  PL ¢ +LOI  GH  SUlSDUDWLY ( +3/ ° DEJHWUHQQ ¢ X "¥ PL ¢ 1050HVVXQJ ( FKD
UDNWHULVLHU ¢ ZHUGHQ £ (L " (² VVFKOLHOLFK  6XOIRQLHUXQ ³ L  SDUD3RVLWLRQ  ZL  H 
+DPEULJK ¢ IRUPXOLHUWH ¦ §0¨ ® OLHJ ¢ DOV ¤7 LFK ¢ YRU £ 'H  ZHLWHU ( ZXU ¥&( YHUVFKLHGH
" 6XOIRQLHUXQJVUHDNWLRQH  Y ¤( 3RUSK\UL "(w±" ]JOLF  LKUH  $XVEHXW *² Q ¥ LKUH 
6XOIRQLHUXQJVJUDGH uµ HUJOLFKHQ £ ( 7¶ RQQW  PL ¢ +LOI r¥&( +3/ ° VDXEHUHV  LVR
PHUHQUHLQH  7HWUDNLVVXOIRQDWRSKHQ\OSRUSK\UL ·" UJHVWHOOWZHUGHQ
6XSUDPROHNXODU ¸ $QRUGQXQJHQ

 6XSUDPROHNXODU ¹ $QRUGQXQJH º Y »-º LRQLVFKH º 3RU
SK\ULQHQ ¼ 3RUSK\UD]LQH º ½oº¾ 3KWKDORF\DQLQH º L º
/|VXQJ
 $XWDJJUHJDWL ¿À LRQLVFKH Á 3RUSK\ULQV\VWHPH
3RUSK\UL Â"¸WÃ Q Ä 0HWDOOSRUSK\ULQDW ¸ JOHLFKH Å /DGXQ Æ N|Q Â"¸(Â L Â ZlULJH Å /|VXQ Æ
DO Ç 0RQRPHUH È 'LPHU ¸ RGH Å L Â )RU É Y Ê(Â%Ë"Ì(Ë"¸ U ¸(Â $JJUHJDW ¸(Â YRUNRPPHQ Í %H
VRQGHU Ç LRQLVFK ¸ 3RUSK\ULQH È GL ¸ L Â GH Å 3RUSK\ULQSHULSKHUL ¸ JHODGHQ ¸ IXQNWLR
QHOO ¸ *UXS Î"¸(Â WUDJHQ È ]HLJ ¸(Â L Â ZlULJH Å /|VXQ Æ HL Â"¸ VWDUN ¸ 7HQGHQ ÏCÏ X Å $X
WDJJUHJDWLRQGK] Ão¸ LQH Å NRID]LDO ¸(Â $QRUGQXQ ÆwÆ OHLFKDUWLJH Å 3RUSK\ULQPROHN
OH Í 7ULHENUDI Ð LV Ð GL ¸ ¸ OHNWURQLVFK ¸ :HFKVHOZLUNXQ Æ ]ZLVFK ¸(Â G ¸(Â S
(OHNWURQHQV\VWHP ¸(Â GH Å 3RUSK\ULQPROHNOH Í 'L ¸ $XWDJJUHJDWL Ê(Â LV Ð HL Â 6SH]LDO
ID Ñ Ñ GH Å +RPRDJJUHJDWLRQ È EH Ò GH Å GL ¸ 6WDSHOELOGXQ Æ ]ZLVF Ë"¸(Â LRQLVF Ë"¸(Â 3RU
SK\UL Â"¸(Â JOHLFKH Å /DGXQ Æ L Â *HJHQZDU Ð YR Â )UHPGHOHNWURO\W ¸(Â VWDWWILQGH ÐeÈ GL ¸
GL ¸u¸ OHNWURVWDWLVFK ¸ $EVWRXQ ÆPÄ H Å JOHLFKDUWL ÆPÆ HODGHQH Â *UXSS ¸(Â L Â*Ä&¸(Å 0ROH
NOSHULSKHUL ¸ YHUULQJHUQ Í 'LHVH Ç $JJUHJDWLRQVYHUKDOW ¸(Â LV Ð L ÂÓ¸ UVWH Å /LQL ¸ YR Â
GH Å .RQ]HQWUDWL Ê(Â GH Ç 3RUSK\ULQV È GH Å ,RQHQVWlUN ¸ÔÃ Q ÄÕÄ H É S+:HU Ð GH Å
/|VXQ Æ DEKlQJLJ Í 6 Ê VL Â"Ä ] Í % Í 1056SHNWU ¸(Â Y Ê(Â 3RUSK\ULQHQ È GL ¸ L Â ' Ö ×
DXIJHQRPPH Â ZXUGHQ È VFKZH Å ] Ã LQWHUSUHWLHUHQ Ä&ØV¸&Ç DXIJUXQ Ä GH Å I Å 105
0HVVXQJ ¸(ÂPÂ"Ì WLJH ÂPË RKH Â .RQ]HQWUDWLRQH Â ]X Å $JJUHJDWL Ê(Â NRPP ÐNÍ 'LH Ç NDQ Â
Ø(ÂrÄ&¸(Å VWDUN ¸(Â 9HUEUHLWHUXQ Æ RGH Å hEHUODJHUXQ Æ GH Å 6LJQDO ¸ IHVWJHVWHOO Ð ZHU
GHQ Í (LQ ¸ %HVWLPP ÃÂÆ GH Å .RQ]HQWUDWLRQ È EH Ò GH Å H ÇuÏ X Å $XVELOGXQ Æ Y Ê(Â $J
JUHJDWHQ NRPP ÐeÈ LV Ð PL Ð +LOI ¸VÄ&¸(Å 899LV6SHNWURVNRSL ¸Â&Ã&Å VHOWH Â P|JOLFK ÈÙÄ&Ø
DXIJU Ã&Â"Ä GH Å KRK ¸(Â ([WLQNWLRQVNRHIIL]LHQWH ÂP¸ L Â"¸ 9HUlQGHUXQ Æ GH Å 6SHNWUH Â L Â
GH Â KRKH Â .RQ]HQWUDWLRQVEHUHLFKH ÂWÂ LFK Ð PHK Å EHREDFKWH Ð ZHU Ä&¸(Â NDQQ Í (L Â¸
DXVIKUOLF Ë"¸ 8QWHUVXFKXQ Æ GH Å +RPR E]Z Í $XWDJJUHJDWL Ê(Â GH Å YHUVFKLHGHQH Â
.RPSOH[ ¸ ZXU Ä&¸Ä&¸ VKDO Ú L ÂÛÄ LHVH Å $UEHL Ð QLFK Ð YRUJHQRPPHQ Í , É IROJHQGH Â
$EVFKQLW Ð ZLU Ä MHGRF Ë*Ø XÜ EHNDQQW ¸ $JJUHJDW)RUP ¸(Â GH Ç 7HWUDNLVVXOIRQDWR
SKHQ\OSRUSK\ULQ Ç JHQDXH Å HLQJHJDQJHQ
=DKOUHLF Ë"¸ 8QWHUVXFKXQJ ¸(Â ZXUG ¸(Â%Ý EH Å GD Ç $JJUHJDWLRQVYHUKDOWH ÂCÄ&¸&Ç 7HWUD
VXOIRQDWRSKHQ\OSRUSK\ULQ Ç  GXUFKJHIKUW Í 3DVWHUQDF Þ XQ Ä 0LWDUEHLWH Å VWHOOW ¸]Â
$EZHLFKXQJ ¸(Â YR É /DPEHUW%HHUVFKHQ*HVHW Ï IHVW È Z ¸(Â&ÂPÚ"¸(Ò S ß  à%Ä L ¸ .RQ
6XSUDPROHNXODU á $QRUGQXQJHQ

]HQWUDWL â(ãä&á&å 3RUSK\ULQ å E]Z æ GL á ,RQHQVWlUN áçä&á(è /|VXQ é HUK|KW ZLUG ê ëì0í î
+HUPDQ ã JHODQ é HV ï 0RQRPHU'LPHU*OHLFKJHZLFKW áñð L å ] ò .RQ]HQWUDWLRQ á]ã
Y â(ãôó  õ ö PRO ÷ GH è 3RUSK\ULQO|VXQ é PL ø +LOI á Y â(ã 105 X ã"ä 899LV
8QWHUVXFKXQJ á(ã ] ò YHUIROJHQ ê ëìùë î .DGLV ú EHVFKUL á(ðPä&û&å $JJUHJDWLRQVYHUKDOWH ã
Y â(ã  XQ ä VHLQ á(ã 0HWDOO,,NRPSOH[ á(ã M á QDF ú 9HUVXFKVEHGLQJXQ é EL å ] ò .RQ
]HQWUDWLRQH ã Y â(ã*ã&ò&è  õ ü PRO ÷"ò&ã"äuò QWHUVXFKW á*ä H ã (LQIOX ý Y â(ã·â(ð"á UIOlFKHQDN
WLY á(ã 6WRIIHQ ê ëìNþ î +DPEULJK ø EHVWLPPW áVä L á 'LPHULVDWLRQVNRQVWDQW á . ß Y â(ã YHU
VFKLHGHQH ã;û QLRQLVFK á(ã IUHL á(ã 3RUSK\UL ã"á(ã L ã JHSXIIHUWH è /|V òãé EH   S   
ò&ã"ä·á LQH è NRQVWDQW á(ã ,RQHQVWlUN á Y â(ã   PRO ÷ 1D12   ê

	
î 'DEH   HUJ û(ð VLF ú I è
 HL ã :HU ø Y â(ã   r  ö OPRO æ 'XUF ú (UK|KXQ é GH è ,RQHQVWlUN á L ãVä&á(è
/|VXQ é VWHLJ ø GL á 'LPHULVDWLRQVNRQVWDQWH æ 'LH å LV ø L ã 899LV6SHNWU á(ãMä(ò UF ú
ä&á(ã hEHUJDQ é Y â(ã VFKDUIH ã %DQGH ã 0RQRPH è ] òRð UHLWHQ ï OHLFK ø K\SVRFKUR 
YHUVFKREHQHQ ï VFKZlFKHU á(ã %DQ ä&á(ã 'LPH è ] òWð"á&â(ð"û FKWHQ æ 'XUF ú 6XEVWLWXWL
â(ã GH è SDUDVXOIRQLHUWH ã 3KHQ\OULQJ á L ãPä&á(ã RUWKR3RVLWLRQH ã &O ï ) ï &+   NDQ ã
HL ã"á $EQDKPH GH è 'LPHULVDWLR ãÓð HREDFKWH ø ZHUGHQ æ 'L á VWHULVF ú"á(ã :HFKVHO
ZLUNXQJ á(ã*ä&á(è RUWKR6XEVWLWXHQW á(ã PL ø GH ã +$WRP á(ã L ã G á(ã E3\UUROSRVLWLRQH ã
YHUKLQGHU ã?ä L á 7HQGHQ  GH è %HQ]ROULQJH ï VLF ú FRSODQD è EH]JOLF ú?ä H è 3RUSK\ULQ
HEH ã"áû(ã ]XRUGQ á(ãò Q ä VFKZlFKH ã GDGXUF ú GLH SS:HFKVHOZLUNXQJ æ 'H è $E
VWDQ ä Y â(ã FD æ   S  ]ZLVF ú"á(ãä&á(ã 3RUSK\UL ã"á(ã ZLU ä YHUJU|HU ø|ò&ã"äVä&û&å $J
JUHJDWLRQVYHUP|J á(ãã LPP ø DE æ *HQHUH ÷ ÷ ELOGH ø  L ãã HXWUDOH è /|VXQ é EH   .RQ
]HQWUDWLRQH ã Y â(ã  õ ö PRO ÷ YRU]XJVZHLV á VRJHQDQQW á +$JJUHJDW áçû(ò"å
$EE æ 

















+LHUEH  RUGQH  VLF  PHKUHU  3RUSK\ULQPROHNO  L  LQH  VWDSHOI|UPLJ  $QRUG
QXQ  EHUHLQDQGH  DQ ﬀ $XIJU ﬁﬂﬃ ﬃﬂ $EVWRXQ  GH  QHJDWL ! JHODGHQH  6XOIR
QDWJUXSSH  ZLU ﬃ" L  $QRUGQXQ  HUZDUWH #%$ L &ﬃﬂ GL  6XOIRQDWJUXS ' EHQDFK
EDUWH  3RUSK\ULQPROHNO  L ( :LQNH ) Y *,+-/. JHJHQHLQDQGH  YHUGUHKWVLQG
(L 10 GHU  $U # Y * $JJUHJDWL * ZXU ﬃﬂ EH  SURWRQLHUWH ( 3RUSK\UL  
>+ 2 WSSV 2 @ 3 4 L  VDXUH  /|VXQ  EHVFKULHEHQ 5 67
8 9 67
2 :
'XUF  V\VWHPDWLVF  (UK|
KXQ ;ﬃ H  3RUSK\ULQNRQ]HQWUDWLR  X ﬃ;ﬃﬂ ,RQHQVWlUN  ZXU ﬃﬂ L ( 899LV
6SHNWUX ( QHEH  GH =<ﬂ> OLFKH  %DQG ?ﬃﬂﬂ@ >+ 2 WSSV 2 @ 3 4 EH   - X ﬃ=AB+-CD(
HL  H ﬁ VFKDUI  %D ﬃﬂ EH E+FﬂG Q ( XQ ﬃC L  ZHLWHU  LQWHQVLY  %DQG >
HﬂIﬂH
Q ( EHREDFKWHW+DPEULJKWEHREDFKWHWH $ GD J GL  .RQ]HQWUDWL */ HLQH   4 K
PRODUH  3RUSK\ULQO|VXQJ $ GL 
I
 L PRO ) +& ) HQWKlO #%$ EH  1DFK # XQWH  %LOGXQ 
HLQH @ JU <ﬂ 1LHGHUVFKODJ @ DXM HLQ  .RQ]HQWUDWLR Nﬃﬂﬂ@ 3RUSK\ULQ @ Y *Oﬂﬁﬂ
QRF P+  4 K PRO ) DEQLPP #Qﬀ .RPSOL]LHUW  *OHLFKJHZLFKWVYHUKlOWQLVV  L  NRQ]HQW






ﬁﬂﬃ 5LER 5 68
S
:
XQWHUVXFK #Qﬀ $OO T> VFKULHE  I  GL  YRUOLHJHQ
ﬃﬂ NHUQSURWRQLHUWH  =ZLWWHUL *Uﬃﬂﬂ@ 3RUSK\ULQ @ HL  $U # Y * WUHSSHQI|UPLJH 
$JJUHJDWHQVRJHQQDW  -$JJUHJDW  $EEGL  $XVPD  Y * EH   +- P (
HUUHLF  N|QQHQ
$EE ﬀ  V -$JJUHJDW  ﬃﬂﬂ@YX HUQSURWRQLHUW  3RUSK\ULQ @ >+ 2 WSSV 2 @ 3 4 6HLWHQDQ
VLFKW
'LHV  $QRUGQXQ  GH  3RUSK\ULQPROHNO  HUP|JOLFK # GL  'HORNDOLVLHUXQ  GH @
DQJHUHJW  =XVWDQG @ HLQH @ HLQ]HOQH  0ROHNO @ EH  GD @ JHVDPW  $JJUHJDW
ZXGXUF  VLF  GDV $EVRUSWLRQVPD[LPX ( EDWKRFKUR ( ] ﬁ+  G Q ( YHUVFKLHEW 5 67
2 :
5L >*R> VFKUL > ZHLWHUKL " LQ  ]ZHLW  $JJUHJDWIRUP $ GL  VLF  L  VDXUH  /|VXQ 
0>Z LQH  3RUSK\ULQNRQ]HQWUDWL * Y *Z[]\  4
2
PRO ) ELOGH # X ﬃ&0 HLQH  6RUHW
%DQG N> L FD ﬀ  ^ Q ( HUNDQQ # ZHU ﬃﬂ NDQQ ﬀ .ROORLGDOH @ 9HUKDOW  Ol # HLQ 









JDW aCb O c 6WDSH d +$JJUHJDWH e GL a VLF fTbgcih XYR j DVVR]LLHUW ak -$JJUHJDW ak
]XVDPPHQVHW]HQ
0HWDOOSRUSK\UL ka ]HLJ akZa LQ amlﬂa UDUWLJ a $JJUHJDWELOGXQ n L k VDXUH j /|VXQ n QLFKW
'LH c LV o GH j *UXQG e ZDUX p EH q GH j 6\QWKHV a GH c $OXPLQLXPSRUSK\ULQDW c D GD c
QLFK o XPJHVHW]W a IUHL a 3RUSK\UL k  GXUF f =HQWULIXJDWLR ksraq S tvu DEJHWUHQQW
ZHU lﬂak NRQQWH w 'LHVH j VFKZHUO|VOLFKH e JU xﬂka 5FNVWDQ l HQWKLHO o QDF fybg VJLHEL
JH j 9HUGQQXQ n XQ l %HKDQGOXQ n L p 8OWUDVFKDOO rbﬂl IUHLHV e SURWRQLHUWH c 3RUSK\
UL k PL o HLQH j 6RUHWEDQ lﬂaTraq  uRk P e GL a DXz QLFKWDJJUHJLHUWH c 3RUSK\UL k?f LQ
ZLHV
'L a L k{l LHVH j $UEHL o GDUJHVWHOOW ak 0HWDOONRPSOH[ a DJ GH c 7HWUDVXOIRQDWR
SKHQ\OSRUSK\ULQ c ]HLJW ak L k GH p .RQ]HQWUDWLRQVEHUHLF f Y |k }~   EL c
   PRO d NHLQ a $JJUHJDWLRQ w ( c ZXUGH k /|VXQJ aklﬂaj 0HWDOOSRUSK\ULQDW a
YHUVFKLHGHQH j .RQ]HQWUDWLRQH k PL o +LOI a GH j 899LV6SHNWURVNRSL a XQWHUVXFKW
'H j OLQHDU a 9HUODXz HLQH j $XIWUDJXQ nTl H j $EVRUSWLR k JHJ ak{l L a .RQ]HQWUDWL |/k
EHVWlWLJW alﬂbﬂc /DPEHUW%HHUVFKH*HVHW h L kl H p .RQ]HQWUDWLRQVEHUHLF f YR k
   EL c    PRO d $EE w  w 'XUF fZlﬂbﬂc 9RUNRPPH k Y |k $[LDO/LJ bklﬂakZlﬂaj
RIWPDO cYc HFKVIDF f NRRUGLQLHUW ak +DXSWJUXSSHQPHWDOO a LV o HLQ a VWDUN a $QQlKH
UXQJ e GL alg UF f :HFKVHOZLUNXQ n GH j S(OHNWURQHQV\VWHP a ]XVWD klﬂa NRPPW
QLFK o P|JOLF fyg Q lya LQ a 'LPHULVLHUXQ n EOHLE o DXV
$EE w   $XIWUDJXQ n GH j $EVRUSWLR k&n HJ ak&l L a .RQ]HQWUDWLR klﬂaﬂc ZDVVHUO|VOL
F fakPbk LRQLVFKH k 3RUSK\ULQDW c D















 +HWHURDJJUHJDWLR  ]ZLVFKH  0DNUR]\NOH  PL  HQWJHJHQJH
VHW]  JHODGHQH  6XEVWLWXHQWHQ
8QWH  +HWHURDJJUHJDWL  YHUVWHK  PD  GD  =XVDPPHQODJHU  LRQLVFKH  3RUSK\
ULQPROHNO W Q Y L  $JJUHJDWL  YHUVFKLHGHQHU 6SH]LHV  GL Y QWJHJHQJHVHW]W 
/DGXQJ  WUDJHQ  6L  ZLU  L  ZHVHQWOLF  Y  ]ZH  (IIHNWH  JHWUDJHQ  1HE /
K\GURSKRE  :HFKVHOZLUNXQJ ﬂﬂ DURPDWLVF  0DNUR]\NOX  L  0ROHNO
]HQWUXP  VWHLJHU  GL R OHNWURVWDWLVF  $Q]LHKXQ  GH  HQWJHJHQJHVHW]  JHODGH
 IXQNWLRQHOOH  *UXS  L Pﬂ 0ROHNOSHULSKHUL y L  NRID]LDO  $QRUGQXQ  GH 
EHLGH  $JJUHJDWLRQVSDUWQHU  ,  *HJHQVDW y X  +RPRDJJUHJDWLRQ  GL  L  .DSL
WH   EHVFKULHEH  ZXUGH  KD  HL  (UK|KXQ  GH  ,RQHQVWlUN  GXUF  =XVDW 
HLQH  )UHPGHOHNWURO\WH  LQ  6HQNXQ  GH  +HWHURDJJUHJDWLRQVJUDGH  ]X  )RO
JH3RODU  UJDQLVF Z ¢¡ VXQJVPLWWH  YHUVWlUN  MHGRF P L  +HWHURDJJUHJDWLRQ
'L  $Q]DK  GH  $UEHLW W£ EH  +HWHURDJJUHJDWL  LV  L  9HUJOHLF  ]  %HULFKWH 
EH  +RPRDJJUHJDWLR ] KH  NOHLQ  7URW]GH  Ol  VLF ] LHVH  )RUVFKXQJVJHELHW
L  PHKUHU  *HELHW  XQWHUWHLOHQ  1HEH ?ﬂ $JJUHJDWL  ]ZLVF = VLWL ¤Rﬂ
QHJDWL ¤ JHODGHQH  3RUSK\UL  7\  , ¥ NHQQ  PD  GL  $JJUHJDWL  ]ZLVFKH 
LRQLVFKH  3RUSK\ULQH  XQ i UJDQLVFKH & HODGHQ  $N]HSWRUPROHNO  7\  ,, ¥
ﬂ ]ZLVF  LRQLVFKH  3RUSK\UL ﬂ LRQLVF  3KWKDORF\DQLQH ¦ ]Z  3RU
SK\UD]L  7\  ,,,
(UVW  $JJUHJDW ﬂ  § 6W|FKLRPHWUL  ]ZLVF  WHWUDDQLRQLVFKH  Q  WHWUD
NDWLRQLVFK  3RUSK\UL  7\  , ¥ ZXU ﬂ Y  6KLPLG]X ¨ ©ª
ª «  /LQVFKLW] ¨ ¬­© « X ¢
6FKDDIVPD ¨ ©ªQ® « HUZlKQW  1HXHU  (UJHEQLVV  ZXU ﬂ Y  0  1DZU ¯¦ VFKULH
EHQ  GL  $JJUHJDW  ]ZLVF  NDWLRQLVFK / &HU%LVSRUSK\ULQ.RPSOH[  XQ 
DQLRQLVFK  0HWDOO0RQRSRUSK\ULQ.RPSOH[H  V\QWKHWLVLHUWH ¨ ©°Q¬ ± ©ª
² «
$JJUHJDW  ]ZLVF  LRQLVF  3RUSK\UL  X Z UJDQLVFKH  JHODGH  $N]HS
WRUPROHNO  7\  ,, ¥ ZXU ﬂ Y  7  6DW  H  DO ¨ ©ª
³ « XQ  HEHQIDOO  0  1DZ
UD ¨ ©°Q¬ ± ©ª
² « EHVFKULHEHQ
$X´ GL  OHW]W  $JJUHJDWLRQVDU  7\  ,,, ¥ VR  ﬂ  5DKPH Z LHVH  $UEHL  QlKH  HLQ
JHJDQJ  ZHUGHQ ¶µ· LQH  hEHUVLFKWVDUWLNH  EHVFKUL ¦ 7UDQ7K   ¸  PIDV
V ] L  (UJHEQLVV  DX´ GH  *HELH  GH  +HWHURDJJUHJDWL  ]ZLVF  3RUSK\UL
sﬂ 3KWKDORF\DQLQHQ ¨ ©ª
¹ « 1HEH  GH  JHQDXH  =XVDPPHQVHW]XQ  GLHVH 
$JJUHJDW  ZXU ﬂ YR  DOOH  GL  RSWLVFK  (LJHQVFKDIW  X  /DGXQJVWUDQVIHU
6XSUDPROHNXODU º $QRUGQXQJHQ

SUR]HVVH » VRJHQDQQW º ,RQHQSDDU/DGXQJVWUDQVIHU3UR]HVVH » GLHVH ¼ 6\VWHP º
YHUJOLF ½º¾¿ﬂ¾À L Á +LQEOL ÂÃ DXÄ LKU ºÆÅ KRWRVHQVLWLY º¾ (LJHQVFKDIWH ¾CÀ LVNXWLHUW
(LQ º 5HL ½º Y Ç¾ %HULFKW º¾ EH ¼ GL º ([LVWHQ È"ÉÊÇ¾ º¾ WVSUHFKHQG º/¾ $JJUHJDW º¾
]ZLVF ½º¾ WHWUDVXOIRQLHUW º¾ 3KWKDORF\DQL ¾º¾ ¿ Q À 7HWUDNLV1PHWK\O
S\ULGLQLRSRUSK\ULQHQ Ë ÌÎÍÐÏ Ñ ÌÎÍ­Ì Ò Ó VRZL º ]ZLVF ½º¾ 7HWUDNLVVXOIRQDWRSKHQ\O
SRUSK\UL ¾ ¿ Q À NDWLRQLVFKH ¾ 3KWKDORF\DQLQHQ Ë ÌÎÍ
Ô Ò RGH ¼ 7HWUDNLV1PHWK\O
S\ULGLQLRSRUSK\UD]L ¾º¾ Ë ÌÎÍÐÕ Ñ ÌÎÍQÖ Ò VL ¾À{×º NDQQW Ø 'LHV º JHPLVFKWH ¾ $JJUHJDW º ]HL
J º¾ L Á 9HUJOHLF ½ ] ¿&Àﬂº¾ UHL ¾º¾ 3RUSK\ULQDJJUHJDW º¾&º L ¾&Àﬂº¿ WOLF ½mÙ¾ GHUH Ú $E
VRUSWLRQVVSHNWUX Á XQ À N|QQ º¾ DXIJU ¿ﬂ¾À&Àﬂº¼ VLF ½¾ LFK Û EHUVFKQHLGHQG º¾ RGH ¼
EHUODJHUQG º¾ %DQGH ¾ VSHNWURVNRSLVF ½ EHVVH ¼ FKDUDNWHULVLHU Û ZHUGHQ7UDQ7K Ü
XQWHUVXFKW ºÝÙ¿ F ½ $JJUHJDWELOGXQJ º¾ ]ZLVF ½º¾ 0HWDOONRPSOH[HQ Ø ( Ú ZXUGH ¾
DX Ú 7HWUDNLV1PHWK\OS\ULGLQLRSRUSK\UL ¾º¾  » GHUH ¾ =LQNNRPSOH[ º¾Þ¿ﬂ¾¢À
WHWUDVXOIRQLHUWH ¾ 0HWDOOSKWKDORF\DQLQ.RPSOH[HQ » GL º .XSIHU » 1LFNH ß XQ À $OXPL
QLX Á DO Ú =HQWUDOPHWDO ß HQWKLHOWHQ » $JJUHJDW º JHELOGHW Ë Ìà
á Ñ Ô
Ô Ò $XF ½iÀ L º 8PNHKU
GL º 0LVFKXQ â Y Ç¾mÙ¾ LRQLVFKH Á 7HWUDNLVVXOIRQDWRSKHQ\OSRUSK\UL ¾Y¿ﬂ¾À NDWLR
QLVFK º¾ &REDOW RGH ¼ $OXPLQLXPSRUSK\UD]LQDWHQ » IKUW º ]X ¼ $JJUHJDWELO
GXQJ Ë Ìà
á Ñ ÌÎÍÐÕ Ò 1HEH ¾ GH ¾×º NDQQWH ¾ '\DGH ¾ NRQQW º¾yº UVWPDO Ú DXF ½ 7ULDG º¾Z¿ﬂ¾À
3HQWDGH ¾× HREDFKWH Û ZHU Àﬂº¾¿ﬂ¾Àº LQ º $EKlQJLJNHL Û LKUH ¼ %LOGXQ â Y Ç¾OÀﬂº¾
=HQWUDOPHWDOOH ¾ X ¾ÀÀ H Á YHUZHQGHW º¾yã¢ä VXQJVPLWWH ß JHIXQGH ¾ ZHUGHQ Ë Ìà
á Ò
+HWHURDJJUHJDWL Ç¾ ]ZLVF ½º¾ YHUVFKLHGHQH ¾ 0HWDOONRPSOH[ º¾ KlQJ Û L Á ZHVHQW
OLF ½º¾]Ù× YR ¾ GH ¼ )lKLJNHL Û GH Ú =HQWUDOPHWDOOV » HLQ º¾]Ç GHU ]ZH Ü $[LDO/LJDQGH ¾
] ¿ NRRUGLQLHUHQ » GH Á 'RQRU RGH ¼ $N]HSWRUFKDUDNWH ¼ GH Ú /|VXQJVPLWWHO Ú XQ À
GH ¼å¼ HODWLY º¾iã¢Ù J º"Àﬂº¼ HQWJHJHQJHVHW] Û JHODGHQ º¾ 6XEVWLWXHQW º¾ D ¾&Àﬂº¾ 0DN
UR]\NOHQ Ø (L ¾º VWHULVF ½º +LQGHUXQ â DXIJUXQ À Y Ç¾ $[LDO/LJ Ù¾Àﬂº¾ VFKOLH Û GL º
%LOGXQ â Y Ç¾ $JJUHJDW º¾ PHLVWHQ Ú DXV Ø 0DNUR]\NOHQ » GL º 0HWDOO º PL Û IQI RGH ¼
VHFK Ú .RRUGLQDWLRQVVWHOO º¾ EHVLW]HQ » ]HLJ º¾ L ¾ VWDU Ã NRRUGLQLHUHQG º¾iã¢ä VXQJV
PLWWHO ¾ NHL ¾º $JJUHJDWLRQ Øåæ·¾ :DVVH ¼ LV Û MHGRF ½Wº L ¾º %LOGXQ â Y Ç¾ $JJUHJDWH ¾
P|JOLFK Ø ) ¼ HL ¾N×º VVHUH Ú 9HUVWlQGQL Ú GH ¼ 0LVFKDJJUHJDW º DX Ú 3RUSK\ULQH ¾
¿ﬂ¾À 3KWKDORF\DQL ¾º¾ E]Z Ø 3RUSK\UD]L ¾º¾ N ä¾ﬂ¾º¾ÀﬂÙﬂÚ =HQWUDOPHWDOOGL º UHODWLY º
3RVLWL Ç¾Àﬂº¼ 6XEVWLWXHQW º¾ VRZL º]ÀﬂÙﬂÚ /|VXQJVPLWWH ß YDULLHU Ûç¿ﬂ¾À]À L º (LJHQVFKDI
W º¾ YHUJOLF ½º¾ ZHUGHQ
6XSUDPROHNXODU è $QRUGQXQJHQ

 +HWHURDJJUHJDWLR é ]ZLVFKH éÞê H é DQLRQLVFKHQ 7HWUDNLV
VXOIRQDWRSKHQ\OSRUSK\ULQDWH é ë Q ê HLQH ì NDWLRQLVFKH é
&REDOWSRUSK\UD]LQ E]Z í &REDOWSKWKDORF\DQLQ.RPSOH[
, îyï LHVH ð $UEHL ñ ZXUG è HUVWPDO ò GL è %LOGXQ ó Y ôî $JJUHJDW èî ]ZLVF õèîï H ö V\Q
WKHWLVLHUWH î $OXPLQLXPSRUSK\ULQD ñÆ÷ $O+ ø 2WSSV@ ù ú D û XQ ïüïﬂè ö &REDOW
SRUSK\UD]LQ.RPSOH ý >&RWPWS\S]@ þ ß  û VRZL è ]ZLVF õèî D X îï ï H ö &R




XQWHUVXFKW  'H ò ZHLWHU èî ZXU ïﬂèyï

UF õ $JJUHJDWLRQVXQWHUVXFKXQJH î
Y ôî E  F H X îï J PL ñ¶÷ &RWPWS\S]@ þ ß  û JHSUI ñ  ZL è VWDU  GH ð (LQIOX  GH ð
$[LDO/LJDQGHQ  GH ð ,RQHQJU| è GH ò 0HWDOO òZò RZL èiïﬂèð /DGXQ ó GH ò 0HWDOO ò LV ñ
$JJUHJDW è ]ZLVF õèî D

îï
 ZXU ïﬂèî I ð /DGXQJVWUDQVIHUXQWHUVXFKXQJHQ  GL è
WHLOZHLV èiï

UF õ %HVWUDKOXQ ó LQGX]LHU ñ ZXUGHQ  HLQJHVHW] ñ 'L è UHODWL  OHLFKW è 2





îïYè LQ è P|JOLF õè 5HGXNWL ôî GH ò &REDOW,,
,RQ ò L î  ]X ö &REDOW,, ôî ZDU èî $QOD  I ð HL îè .RPELQDWLR î GLHVH ð )DUEVWRII
,RQHQ
 9RUXQWHUVXFKXQJH 	 D 	
 H 	 &REDOWNRPSOH[H 		
 
'L è NDWLRQLVFK èî &REDOWNRPSOH[ è  X îï  ZXU ïﬂèî L îïﬂèð $UEHLWVJU

è YDQ/LH ð
GH ð PHGL]LQLVF õèî )DNXOWl ñ GH ð 8QLYHUVLWl ñ 6KHUEURRN è L î 4XpEHF  .DQDGD
KHUJHVWHOO ñ XQ ï&ô K îè ZHLWHU è 5HLQLJXQ ó I ð DOO è IROJHQGH î 8QWHUVXFKXQJ èî]è LQ
JHVHW] ñ 6L è OLHJ èî L î )RU ö GH ð 'LVXOIDW6DO] è >@62    E]Z  >@62    YRU
6SHNWURVNRSLVFK è






îï 6  3DODFLQ
 ﬀﬃﬂ ﬁ
HUJ ! èîmï L è 9HUPXWXQJ  GD  GL è .RPSOH[ è L î )RU ö Y ôî 'L
PHUH î L î ZlULJH ð /|VXQ ó H[LVWLHUHQ  6L è HQWZLFNHOW èîiè L î 0RGHOO  L îiï H ö GL è
6XOIDWLRQH î" XIJUXQ ï LKUH ð ]ZH # QHJDWLY èî%$&ﬂï XQJ èî PL ñ ]ZH # 3\ULGLXPLRQH î
YHUVFKLHGHQH ð 3RUSK\UD]L îè ZHFKVHOZLUNHQ  ( ò HUJLE ñ VLF õ VRPL ñ HL îè $QRUG
QXQJ  L î GH ð L ö ,GHDOID ' ' YLH ð 6XOIDWLRQH î ]ZLVF õèî ]ZH # 0DNUR]\NOH î OLHJHQ  V ô
GD  GLHV èmè L î VWDELOH ò 'LPH ð L î ZlULJH ð /|VXQ ó ELO ïﬂèî $EE    (L îè VROF õ¢è
LGHDO è $QRUGQXQ ó KlWW è MHGRF õ{è L îè VHK ð VFKOHFKW è($&) VOLFKNHL ñ L î :DVVH ð ]X ð
)ROJH  VR GD  H ò DO ò ZDKUVFKHLQOLF õ JLO ñ  GD  ZHQLJH ð DO ò YLH ð 6XOIDW,RQH î I ð
GL è 'LPHULVLHUXQ óï H ð 0DNUR]\NO èî YHUDQWZRUWOLF õ VLQG
6XSUDPROHNXODU * $QRUGQXQJHQ

$EE +  , $QRUGQXQ -/. H 0 3RUSK\UD]LQPROHNO * ]X 1 'LPHU
, 2 $EE +  LV 3 GD 4 899LV6SHNWUX 1 Y 5!2  L 2 ZlULJH 0 /|VXQ - ] 6 VHKHQ + 'HXW
OLF 78* UNHQQ 3 P 9!28. L * LQWHQVLY *;: UHLW * 4%DQGH < GL * GH 1 GLPHULVLHUW *!2 0ROHN =
VHL 2>* FKDUDNWHULVWLVFK */- U ?2>* )DUE * YHUOHLKW
$EE +  , $EVRUSWLRQVVSHNWUX 1 HLQH 0  @ A B /|VXQ - Y 5!2  L 2 :DVVHU
'L * $EVRUSWL 5!2;9 O 4 )XQNWL 5!2;.*!0 .RQ]HQWUDWL 5!2 ]HLJW *%? EH 0 GH 2 XQWHUVXFKWH 2
.RQ]HQWUDWLRQVEHUHLF 7 EL 4 PD[ +  @ A PR = OLQHDUH 4 9HUKDOWH 2 HQWVSUHFKH 2&.
GH 1 /DPEHUW%HHUVFKHQ*HVHW] + 'LH 4 EHGHXWHWH < GD C GH 0 &REDOWSRUSK\UD]LQ
.RPSOH D  XQWH 0 GH 0 $QQDKP *E.*4 0RGHOO 4 Y 5!2GF+ 6DODEHU 3 X 2>. 6 + 3DODFL 2 VWHW 4
DO 4 'LPH 0 L 2 ZlULJH 0 /|VXQ - YRUODJ + *OHLF 7>* (UJHEQLVV * OLHIHUWH 2GH&I VOLFKNHLWV
XQWHUVXFKXQJ *!2J.*4 &REDOWSKWKDORF\DQLQ.RPSOH[H 4  + $XF 7K7 LH 0 ZXU .*K* L 2
OLQHDUH 0 =XVDPPHQKDQ - ]ZLVF 7>*!2;.*!0 $EVRUSWL 5!2"6 Q .".*!0 .RQ]HQWUDWLR 2 JH
























PHKUHU  :RFKH  DXIEHZDKU  ZHUGHQ  VRQGHU  PVVH  I  8QWHUVXFKXQJH 
IULVF  KHUJHVWHOO  ZHUGHQ  G / RQV  ]X  %LOGXQ  Y ! $JJUHJDW ! PL  JU|HUH 
$Q]DK  Y ! 0ROHNOH  NRPP  GL G QKDQ G LQH  )DUElQGHUXQ  GH  /|VXQ  Y !
JU E> F  EOD  ]  UNHQQ ! LVW   'LHVH  3KlQRP ! NRQQW ! F  EH ¡ GH ¢ $OXPL
QLXPSRUSK\UL  D EHREDFKWH  ZHUGHQ   (L > ZlULJ ¤£&¥ VXQJ  GL  PL  /HLWVDO ¦ I 
HOHNWURFKHPLVFK  8QWHUVXFKXQJ ! YHUVHW]  ZRU ! ZDU  YHUIlUEW  VLF §> F 
HLQLJ ! :RFK ! Y ! UR  QDF (¨ ODXYLROH   'XUF © L %> K  6DO]NRQ]HQWUDWL 
E]Z  «ª RQHQVWlUN ¬! /|VXQ  ND ¢ H  HEHQIDOO  ]X  %LOGXQ  Y !8 U|HU ! $J
JUHJDW ! Q  VRPLW]X  )DUElQGHUXQJ
'L  5HGR[HLJHQVFKDIW !G &REDOWSRUSK\UD]LQ.RPSOH[H   ZXUGH  PL  +LOI 
GH  F\FOLVF >! 9ROWDPPHWUL  L  ZlULJH  /|VXQ  XQWHUVXFK   $O  $UEHLWVHOHNWUR
 ZXU E L > *ODVNRKOHQVWRIIHOHNWURG G> DO  *HJHQHOHNWUR E L  3ODWLQGUDK 
YHUZHQGH   $O  5HIHUHQ]HOHNWU  GLHQW ­ LQ  JHVlWWLJW  .DORPHOHOHNWURGH  DO 
/HLWHOHNWURO\  7HWUDEXW\ODPPRQLXPWHWUDIOXRURERUD  1%X ® %) ®   'D  &\FORYROWDP
PRJUDP ¢ HLQH   ¯
®
PRODU !¤£&¥ VXQ  Y !  L  :DVVH  PL  HLQH  /HLWVDO]NRQ
]HQWUDWL ! Y !±°³²  ¯ ´ PRO µ¡ VWL  $EE    ]  VHKHQ
$EE    ¶ &\FOLVFKH  9ROWDPPRJUDP ¢ Y !   °·²  ¯
®
PROO ¸ L  :DVVH  EH ¡
5DXPWHPSHUDWXU/HLWHOHNWURO\W1%X ® %) ® 3RWHQWLD S¹ >P9@YV6&(
























, å 3RUSK\UD]L æ OLHJ ç &REDO ç L æ/èä!é 2[LGDWLRQVVWXI ä ]ZH ê YR éìëæ>è N|QQW ä VRPL ç ] ë
&R,,, í R[LGLHU ç RGH é ] ë &R, íØé HGX]LHU ç ZHUGHQ î , å &\FORYROWDPPRJUDP å HU
NHQQ ç P ï!æä LQ ä UHYHUVLEO ä 5HGR[ZHOO äñð>ä!ê ( ò ó ± ô P õ XQ è·ä LQ ä TXDVLUHYHU
VLEO ä :HOO äöð>ä!ê ( ÷ óùøú[û P9 î ' ïä L æ>ä 9RUDXVVDJH üý!ðè L ä 5HGXNWL ý!æð>ä!ê HLQH å
3RWHQWLD þ Y ý!æ ± ô P õ§ï!æ GH å &REDOWLR æ RGH é D å 3RUSK\UD]LQULQ ß VWDWWILQGHW
QLFK ç P|JOLF   ZDU ü ZXU èä"è LHVH  3UREOH å å L ç +LOI äJèä!é 6SHNWURHOHNWURFKHPL ä
XQWHUVXFK çî (LQ ä 2[LGDWL ý!æ Y ý!æ &REDOW,, í ] ë &REDOW,,, í EH ê HLQH å 3RWHQWLD þ YR æ
øú[û P õ ZXU èä  LQJHJ ä!æ ï!ë VJHVFKORVVHQ î $XF  Kèä!é 5HGR[SUR]H  YR å &R
EDOW,, í ] ë &REDOW,,, í VROOW ä PL ç +LOI ä GH é VSHNWURVNRSLVFK ä!æ 9HUIROJXQ ß Y ý!æ 2[L
GDWLR æ·ëæ>è 5HGXNWL ý!æï XIJHNOlU ç ZHUGHQ î 'L ä UHODWL  EUHLW ä 5HGR[ZHOO äñð>ä!ê  úUû
P õ HQWVWDQ è YHUPXWOLF  ±è!ë UF   9HUXQUHLQLJXQJ ä!æ L æ±èä!é /|VXQJ
 6SHNWURHOHNWURFKHPLVFK  8QWHUVXFKXQJH  D  &REDOWSRUSK\UD]LQ
.RPSO 	
 D  $OXPLQLXPSRUSK\ULQD 
0L ç +LOI ä VSHNWURHOHNWURFKHPLVFKH é 8QWHUVXFKXQJ ä!æ ZXU èä!æè L ä 9HUlQGHUXQJH æ
Y ý!æ %DQG ä!æ L å 899LV6SHNWUX å EH ê 2[LGDWL ý!æ X æ>è 5HGXNWLR æ XQWHUVXFK çü X å
EH ê GH æ IROJHQGH æ 7LWUDWLRQ ä!æ X æ>è %HVWUDKOXQJVYHUVXF  >ä!æèä!é $JJUHJDW ää YHQ
WXHOO ä DGXQJVWUDQVIHUSUR]HVV ä ] ë/ä UNHQQHQ î +LHU] ë ZXU èä!æ ZlUL ßä |VXQJH æ
Y ý!æ D ëæ>è  L æ L æ 4XDU]NYHWW ä!æ PL ç HLQH å 'XUFKPHVVH é Y ý!æ¤åå EH ê YHU
VFKLHGHQH æ 3RWHQWLDOH æJä OHNWURO\VLHU çî $OV $UEHLWVHOHNWUR èä(è LHQW ä HL æ IHLQPD
VFKLJH  3ODWLQQHW] ü GD  L æ GH é .YHWW ä¬ï!æ JHEUDFK ç ZXUGH ü DO  *HJHQHOHNWURG ä
HL æ 3ODWLQGUDK çî $O  /HLWVDO  ZXU èä 1%X  %)  L æ(ä LQH é .RQ]HQWUDWL ý!æ Y ý!æ  
ò
PRO þ HLQJHVHW] çî $OO ä­ä LQJHVWHOOW ä!æ 3RWHQWLDO äLð>ä ]RJ ä!æ VLF  öï Xﬀ HLQH JHVlWWLJW ä
.DORPHOHOHNWURGH
(L æ>ä ZlULJ äöø  
 ﬁ
/|VXQ ß GH  &REDOWSRUSK\UD]LQ.RPSOH[H   ZXU èäñð>ä!ê
HLQH å 3RWHQWLD þ Y ý!æ  ﬂ±õ UHGX]LHU çëæ>è DQVFKOLH ä!æ>èEð>ä!ê  ûEð ]Z î~õ R[LGLHUW î
:lKUHQ è GH é NDWKRGLVF  >ä!æ 5HGXNWL ý!æ VL æ>è L æ¤ä LQH é =HL ç Y ý!æ·æëé  ﬃ PL æ GHXWOL
F  >ä 9HUlQGHUXQJH æ L æ³èä!é 6SHNWUHQVFKD é GH é $EE î  ] ë±ä UNHQQHQ
6XSUDPROHNXODU  $QRUGQXQJHQ

$EE   ! 6SHNWUHQYHUODX" ZlKUHQ # GH $ 5HGXNWL %'& LQH $  ( ) * /|VXQ + Y %'& 
EH ,.-0/  1 9
'L  6RUHW XQ # 4%DQ #2 ZHU #2'&43'5 VJHO|VFK 67 '8:9 %HUHLF ; Y %'&  <2=&29 HUVFKHLQW
HL &	> UHLW  %DQG  X &	#?>	',  @2=&29 HL &	 VFKZDF ;	 %DQGH A GL  EH , GH $ JHULQJH &
.RQ]HQWUDWLR & VFKOHFK 6 ] 5 HUN '&2&	'& LV 67 'LHV  %HREDFKWXQJ '& VWLPP '& PL 6 GH &
(UJHEQLVV '& Y %'&08B 6DODEHU 6 EHUHLQ A GL  L &C 5HGXNWLR &D LQH E &REDOWSRUSK\UD
]LQ.RPSOH[H E DX" FKHPLVFK '& : F+ PL 6 +\GUD]L &G#'5 UFKIKUWH  $XF ; VL H>	 R
EDFKWHW  GD E 9HUVFKZLQGH & GH $ EHLGH & +DXSWEDQGH &I52&	# NRQQW  L 9 LQIUDURW &
%HUHLF ;J#22E 6SHNWUXP E EH , FD K2KL12= Q 9 HL &C % 3'&	#24 UNHQQHQGL M3 XIJU 52&	# GH $
K|KHU '& .RQ]HQWUDWLR & GH E 5HDNWLRQVJHPLVFKH E JX 6 ] 5 UNHQQH & ZDU  'L  5H
GXNWLR & LV 6NA ZL  L & $EE   ] 5 VHKHQ A YROONRPP '& UHYHUVLEHO  %H , HLQH 9 5HG
R[LGDWLRQVSRWHQWLD O Y %'&M=  PRQ NRQQW 4#232E $XVJDQJVVSHNWUX 9 GH $ /|VXQ + ZLHGH $
HUUHLFKWZHUGHQ




HL & 0HFKDQLVPX E YRUJHVFKODJHQ A L &
GH 9 GL X> HLGH & &REDOW,,SRUSK\UD]LQ0ROHNOH A GL  L & )RU 9 HLQH E 'LPHU E YRU
OLHJHQ A HL & (OHNWUR & DXIQHKPH & XQ #Y3'& VFKOLHHQ # EH $ HLQH & GLPHUH & =ZL
VFKHQ]XVWDQ # ] 5 PRQRPHU '& &REDOW, X &	# &REDOW,,SRUSK\UD]L & UHDJLHUHQ  
'XUF ; $XIQDKP Z LQH E\[ ZHLW '& (OHNWURQ E ZLU #Z#232E YHUEOHLEHQG  &R
EDOW,,SRUSK\UD]L &]'>	 QIDOO E ]X 9 &REDOW,SRUSK\UD]L & UHGX]LHUW  /HW]WHQGOLF ;

















ZHU |2{'}~ OV |' UF  VWXIHQZHLV { $XIQDKP { ]ZHLH  (OHNWURQH } ]ZH  &R
EDOW,SRUSK\UD]LQ.RPSOH[ { JHELOGH  6FKHP ~   'LH Ł D }2}~' F  D }Ł|2{'
)RU  GH  5HGR[ZHOO {0	{'  L4 L  &\FORYROWDPPRJUD 4 EHREDFKW {'} ZHUGH }
$EE  GL { I  ]ZH  QLFK  DXI]XO|VHQ |2{ (OHNWRQHQWUDQVIHU3UR]HVV { VSULFKW
$EE  5H2[LGDWLR } GH      /|VXQ  Y '}  EH L0   9
6FKHP ~   0|JOLFKH  0HFKDQLVPX  GH  5HGXNWL '} Y '}  'L { YLH  SRVLWLYH }
/DGXQJHQ ~'}|2{'} 3RUSK\UD]LQ0DNUR]\NO {'} ZXU |2{'} I  GL { EHVFKULHEHQ { *H
VDPWODGXQ  GH  0ROHNO  QLFK  EHUFNVLFKWLJW
, }D{ LQH  ZHLWHU {'} 5HGXNWLRQVVFKUL B ZLU ||2~2 HQWVWDQGH }	{ &REDOW,SRUSK\UD]L }
]X  &REDOW,SRUSK\UD]LQ5DGLNDODQL '} >&R  WPWS\S]@  UHGX]LHU N ZHOFKH  HL
}	{ FKDUDNWHULVWLVF 	{ EUHLW { %DQG {X	{'F' 2¡ Q  EHVLW] 7 *OHLF 	{ %HREDFKWXQ F{}
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ZXU Å2Ä'Æ Y Ç'Æ &ODFN È ÉVÊËÊ Ì XQ Å 1HYLQ È ÉVÊÍ Ì EHVFKULHEHQ Î GL Ä0Æ	Ï F Ð ]ZHLIDFKH Ñ 5HGXNWL




Q Ø EHREDFKWHWH Æ X Æ	ÅÙÅ LHV Ä GH Ø &REDOW,SKWKDORF\DQLQ
5DGLNDODQLR Æ ]XZLHVHQ Ú %H Û GH Ñ HOHNWURFKHPLVF Ð	Ä'Æ 5HGXNWLR Æ ZHU Å2Ä'ÆÏ OV Ç YHU
VFKLHGH Æ	Ä *OHLFKJHZLFKW ÄMÅ
Ö
UFKODXIHQEL Ò GD Ò >&R Ü WPWS\S]@ ÝÞ , Ç'ÆJÄ'Æ WVWHKW
, Ø *HJHQVDW ßHß
Ö
Å2Ä'Æ YHUVFKLHGHQH Æ *OHLFKJHZLFKWVUHDNWLRQHQ Î GL ÄÓ	Ä'ÛàÅFÄÆ
5HGXNWLRQVSUR]HVV Ä'ÆXÏ'Ó ODXIHQ Î ILQGH á HL Æ	Ä 2[LGDWL Ç'Æ Y Ç'Æ >&R Ü Ü WPWS\S]@ âãÞ  ä
QX Ñ D Ø =HQWUDOPHWD å å GH Ò 3RUSK\UD]LQDW ÒÒ WD áBá7Ú 'LH Ò LV áæÏ'Æ PLQLPDO Ä'Æ bQGHUXQ
J Ä'ÆRÅ2Ä'Ñ %DQG Ä'Æ L Ø 899LV6SHNWUX Ø EH Û HLQH Ñ DQJHOHJW Ä'Æ 6SDQQX ÆCç Y Ç'Æ?ègé ]
Ö
EHREDFKWHQ Ú 'D Ò 0D[LPX Ø GH Ñ 4%DQG Ä YHUVFKLHE á VLF Ð PL á HLQH Ñ OHLFKWH Æ ,Q
WHQVLWlWV]XQDKP Ä ]
Ö
JU|HUH Ñ :HOOHQOlQ çFÄ  êjë
Ô
Æ P Ú 'L Ä 6RUHW%DQG Ä YHU
VFKLHE á VLF Ð PL á HLQH Ñ ,QWHQVLWlWVDEQDKP ÄìÄ'Ó HQIDOO Ò ]
Ö
JU|HUH Ñ :HOOHQOlQ çFÄ
 í2î
Õ
QP Ú ( Ò ZLU Å4Ä L Æ >&R Ü Ü Ü WPWS\S]@ ïËÞ , Ç'Æ JHELOGHW $EE Ú 
$EE Ú  ð 2[LGDWL Ç'ÆJÄ LQH Ñ ZlULJ Ä'Æ°ñCò VXQ ç Y Ç'Æ   ó â PROO ô0õè 9
) Ñ GL Ä VSHNWURVNRSLVF Ð	Ä 9HUIROJXQ ç GH Ñ 2[LGDWLR ÆÅ2Ä2Ò $OXPLQLXPSRUSK\ULQDW Ò
D ZXU Å2ÄÄ L Æ	ÄXè  ó â ö /|VXQ çGèLí2÷ PL Æ EH Û HLQH Ø 3RWHQWLD å Y Ç'Æøè  èùé XQWH Ñ
6FKXW]JD Ò HOHNWURO\VLHU á7Ú 'D Ò 3RWHQWLD å Y Ç'Æúè  èDé OLHJ áüû
Ô'Õ
P é EH Ñ GH Ø 5H
GR[SRWHQWLD å GH Ñ HUVW ÄÆ 5LQJR[LGDWL Ç'Æ
Ö
Q Å VROOW Ä VRPLWDXVUHLFKHQ Î G Ä'Æ .RPSOH ý
TXDQWLWDWL þ4ß
Ö
Ç [LGLHUHQ Ú :lKUHQ Å GH Ñ 2[LGDWL Ç'Æ NRQQW Ä'Æ YHUVFKLHG Ä'Æ	Ä 3UR]HV
























V ﬃ  HREDFKWH ! ZHUGH " $EE #  $&%'")( $EE #  # , " GH * 6SHNWUHQVFKD * GH *
$EE #  +$ VL ")(,('ﬃ-% WOLF .)ﬃ 9HUlQGHUXQJ ﬃ-" ] %/ﬃ UNHQQHQ # 'L ﬃ 6RUHW%DQG ﬃ0%'")( GL ﬃ
4%DQG ﬃ-" YHUOLHU ﬃ-" L 1 9HUODX2 GH * 2[LGDWL 34" VWDU 5 D " ,QWHQVLWl !6# , 1 *HJHQVDW 7
GD] %,ﬃ-" WVWHK ﬃ-"8ﬃ L ")ﬃ 6FKXOWH * EH 9  :-$0"'1 XQ (;ﬃ LQ ﬃ< UHLW ﬃ %DQG ﬃ;=4" GH * *UHQ] ﬃ
]X 1 LQIUDURWH " %HUHLF . GH > 6SHNWUXP > EH 9 HWZ =@?BAC$ QP # 'LHV ﬃ %D ")('ﬃD)ﬃ-9  $
Q 1 QLPP ! L 1 ZHLWHUH " 9HUODX2 GH * 2[LGDWLR "  +E'F PLQ G ZLHGH *H=- $EE # 
 # ( > HUVFKHLQ ! HL "Iﬃ QHX ﬃ %DQG ﬃ EH 9  E'$J" P K GL ﬃ  L > ] %@ﬃ LQH * =HL ! Y 3-"M+EBF
PL " VWHWL N ]XQLPPW # 'L ﬃ 6RUHW%DQGH K VRZL ﬃO( L ﬃP)= WKRFKUR 1 YHUVFKREHQ ﬃ
6FKXOWH * EH 9  $ Q 1 QHKP ﬃ-" NRQWLQXLHUOLF . D 8% Q ( YHUVFKZLQGHQ'D > HUKDOWHQ ﬃ
6SHNWUX 1 JOHLFK ! GH 1 HLQH > S5DGLNDONDWLRQV Q RSRSR T 'D > =ZLVFKHQSURGXN ! N|QQW ﬃ
GXUF . $JJUHJDWL 3-" ]ZLVF .)ﬃ-"Uﬃ LQH 1 EHUHLW > R[LGLHUW ﬃ-" 5DGLNDONDWL 34"V%'")(@ﬃ LQH 1
QRF . QHXWUDO ﬃ-" $OXPLQLXPSRUSK\ULQD ! HQWVWDQGH " VHLQ K GL ﬃW)ﬃ-9 YROOVWlQGLJH * 2
[LGDWL 3-" ZLHGH * DXIJHKRE ﬃ-" ZLUG # $OOHUGLQJ > ZU ('ﬃXﬃ L " VROFKH > $JJUHJD ! HLQ ﬃ
VWDUN ﬃ :HFKVHOZLUNXQ N GH * S(OHNWURQHQV\VWHP ﬃ YRUDXVVHW]HQ K G =X( L ﬃX= XIWUH
WHQG ﬃ 899LV%DQG ﬃ VROFKH * GLPHU ﬃ-" 6\VWHP ﬃY")3 UPDOHUZHLV ﬃ ] %ZN U|HU ﬃ-" :HO
OHQOlQJ ﬃ-" O t  $'$ Q 1 YHUVFKREH " LVW
$EE #  [ 6SHNWUHQYHUODX 2 ZlKU ﬃ-")(,('ﬃ-* 2[LGDWL 3-"/ﬃ LQH *  \ ] ^ /|VXQ N YR "
D EL > ] %Zﬃ LQH * =HLWYR "_E'F PLQ `@a  + 9

























$EE    6SHNWUHQYHUODX ZlKU ~-)L'~- 2[LGDWL -~ LQH  ZlULJH    Ł 
/|VXQ  Y - D D    PLQ  (    9
(L )~ LUUHYHUVLEO ~ 5HDNWL - D  3RUSK\ULQULQJV\VWHP  ]  %  HL )~ $XIVSDOWXQ  GH 
5LQJ ') ~ LQ ~ IROJH )'~ [LGDWLY ~ =HUVW|UXQJ  LV  DXV]XVFKOLHHQ ' GXUF 
5HGXNWLR  GH  ]XYR  R[LGLHUW ~-<I VXQ  ZLHGH  GD  $XVJDQJVVSHNWUX  HUKDOW ~4
ZXUGH  'L ~ 5HGXNWLR  ZXU '~)~- HLQH  3RWHQWLD  Y -M ± 0  GXUFKJHIKUW
1DF W¡d¢ PL  ZD  GL ~ %DQG ~£)~-  ¡' Q  YHUVFKZ ')'~-L Q L L ~ 6RUHW%DQG ~
')¤ L ~;)~ LG ~- 4%DQ '~- ZDU ~- ZLHGH  GHXWOLF  ] /~ UNHQQHQ  %HUHLW ¦¥ ZLVF )~-
GH  (QG ~ '~- 2[LGDWL - ') GH  6WDU  GH  5HGXNWL - YHUlQGHUW ~ VLF ''
6SHNWUXP  'LH  ZD  D D~ LQH  GHXWOLF  LQWHQVLYHU ~- 6RUHW%DQG ~ §¨  © GH 
6WDUWVSHNWUXP  GH  5HGXNWLR  L  9HUJOHLF  ] U'~- 6RUHW%DQ '~V H  (QGVSHNW
UXP  GH  2[LGDWL - §X  © ] Z~ UNHQ )~- $EE

















$EE É  Ê =HLWOLFKH Ë 9HUODXÌ GH Ë 5HGXNWL Í4Î GH Ë ]XYR Ë R[LGLHUW È-Î ZlULJ È-ÎLÏ |
VXQ Ð Y Í-Î D  ÑÓÒ  Ô Õ PROO Öd×@Ò  Ø 9
 'DUVWHOO ÙÛÚ4Ü<ÙÛÚ4Ý 6W|FKLRPHWUL Þ GH ß $JJUHJDWH
'L È (OHNWURQHQDQUHJXQJVVSHNWURVNRSL È LV à GL È D áâá HLVWH Î YHUZHQGHW È 0HWKRG È
]X Ë (UIRUVFKXQ Ð Y Í-Î $JJUHJDWLRQVSKlQRPHQHQ Ö ZREH ã VRZRK ä GL È $EVRUSWLRQV
DO å DXF æYç L È (PLVVLRQVVSHNWURVNRSL È ]X á (LQVDW è NRPPHQ É 'XUF æ VSHNWURVNR
SLVF æ)È 9HUIROJXQJ È-Î Y Í-Î 7LWUDWLRQHQ Ö L Î GHQ È-Î HQWJHJHQJHVHW] à JHODGH Î)È $J
JUHJDWLRQVSDUWQH Ë PLWHLQDQGH Ë WLWULHU à ZHUGHQ Ö N|QQ È-Î DQKD Î)ç Y Í-Î 9HUlQGHUXQ
J È-ÎUç'È-Ë %DQGHQODJ È-ÎVé'Î)ç LQWHQVLWlWH Î $JJUHJDWELOGXQJH Î IHVWJHVWHOO à ZHUGHQ É
(L Î)È ZLFKWLJ È 9RUDXVVHW]XQJ Ö X á VROFK È :HFKVHOZLUNXQJ È-Î ]ZLVF æ)È-Îêç'È-Î
6SH]LH å L Î,ÏIë VXQ Ð EHREDFKW È-Î ] é N|QQHQLV à GL È :DK ä GH å ULFKWLJH Î .RQ]HQWUD
WLRQVEHUHLFKV É /|VXQJ È-Î PL à .RQ]HQWUDWLRQH Î Y Í-Î FD É  Ô ì PRO ä HUZLHV È-Î VLF æ
DO å JHHLJQH àíÖ GDPL à H å¤èdé :HFKVHOZLUNXQJ È-Î ]ZLVF æ)È-ÎVç'È-Î 5HDNWLRQVSDUWQHU Î
NDP É =XGH á JHKRUFK È-ÎWç L ÈîÏIë VXQJ È-ÎWç'È-Ë HLQ]HO Î)È-Î 5HDNWLRQVSDUWQH Ë L ÎWç LH
VH á .RQ]HQWUDWLRQVEHUHLF æ QRF æâç H á /DPEHUW%HHUVFKHQ*HVHW è *O É  É
'LHVH å EHVFKUHLE à GH Î =XVDPPHQKDQ Ð ]ZLVF æ)È-Î GH Ë ([WLQNWL Í-Î@× HLQH Ë GXUFK
VWUDKOW È-ÎYÏIë VXQ Ð0é'Î)ç¤ç'È U È-Î .RQ]HQWUDWL Í-Î F Ö GH Ë 6FKLFKWGLFN ÈYç XQ çYç H á¨á ROD
U È-Î ([WLQNWLRQVNRHIIL]LHQWH Î H GH Ë JHO|VWH Î 6XEVWDQ]






















   H *O
/LHJ  HLQ  |VXQJVPLVFKXQ  YRU  V  LV  GL  *HVDPWH[WLQNWL  ( ﬁﬀ ﬂ JOHLF ﬃ !
6XPP  GH ! (LQ]HOH[WLQNWLRQ  ( " XQ  (# *O
( $ﬀ ﬂ

( " % (# *O
%LO   Q & ' L  EHLG $ .RPSRQHQW )( X +* HL  $JJUHJD  .$  V  LV  GL  *H
VDPWH[WLQNWL , ! /|VXQ  ( $ﬀ ﬂ QLFKWPHK ! GL  6XPP  GH ! (LQ]HOH[WLQNWLRQHQ, 
GLHVH - )D . .0/ V  GL  ([WLQNWLRQVGLIIHUHQ 132 ]ZLVF ﬃ4 !5! HDO  0LVFKXQ  ( $ﬀ ﬂ




( $ﬀ ﬂ  ( " % (#  *O
, ; LHVH - 6SHNWUX - N|QQ  EHVWLPPW  %DQ   GH ! $JJUHJDWLRQVSDUWQH ! YHU
VFKRE  VHLQ 9 ( <>= |QQ  %DQGH  YHUVFKZL  > GH ! QHX  ]XVlW]OLF ﬃ %DQG $
DXIWUHWHQ  GL ? H - $JJUHJDW]XJHRUGQHWZHUGHQ
(L  0HWKRGH  PL  GH ! GL  6W|FKLRPHWULH Y  .RPSOH[  L @BA VXQJ C& UF ﬃ
899LV6SHNWURVNRSL ' UPLWWHO  ZHU   NDQQ  ZXU   Y  -RE D EGFIH J HQWZLFNHO K9 (L 
JHELOGHWH ! .RPSOH L EHVLW]  HL NM  UH < $EVRUSWLRQVPD[LPX - DO < GD < IUHL  ,RQ
V O MP8 GL  ([WLQNWL Q  < IUHLH  ,RQ < L  GH -SR D OM EQLPP T ZL  GL  ([WLQNWLR 
GH < .RPSOH[H < ]XQLPP K9 'LHVH < 9HUIDKUH  N M  DXU GL  %LOGXQ 3&  8QWHUVX
FKXQ  Y  $JJUHJDW CV EHUWUDJ  ZHUGHQ 9 (UIROJUHLF ﬃ $QZHQGXQJ ; LHVH !
0HWKRG  GH ! NRQWLQXLHUOLF ﬃ 9DULDWL Wﬃ LQVLFKWOLF ﬃX ! 8QWHUVXFKXQJ  YR 
$JJUHJDW  ZXU   Y  7UDQ7KL  *HLJH ! X  1DZU MY& UFKJHIKUW D Z[Z \ H[] \ E_^KZ \ E_`[a b
EGFKc J 1DF ﬃQ ! -REVFKH  0HWKRG  ZHU   0LVFKXQJ Q LQH ! NDWLRQLVF ﬃ .RP
SRQHQW d( X Y LQH ! DQLRQLVFKH  .RPSRQHQW e* DX < lTXLPRODUH  6WDPPO|
VXQJ 3ﬃ UJHVWHOOW 9 'DEH / ZLU ) ! 0ROHQEUXF ﬃf LQH ! .RPSRQHQW  Y g;h L <)i
YDULLHU T GH ! 0ROHQEUXF ﬃ ! DQGHU  .RPSRQHQW j UUHFKQH  VLF ﬃ GDUDX < I ! GL 
HLQ]HO  0LVFKXQJHQ  V O MP8 GL  *HVDPWNRQ]HQWUDWLR  Y f( XQ j* NRQVWDQ 
EOHLEW)LQGHW]ZLVF ﬃ,  EHLG  .RPSRQHQW ( XQ k* HL  :HFKVHOZLUN & 
VWD l XQ  ZLU ; L  $JJUHJD m(* JHELOGHW  V  LV  QDF ﬃ *O 9  : GL  6XPP n H !
EHLGH  ([WLQNWLRQH  DX <C  (LQ]HOVSHNWUH o ! .RPSRQHQWH d(p& Y* XQ
JOHLF ﬃQ ! ([WLQNWLR  ( ﬁﬀ ﬂ GH ! 0LVFKO|VXQJ 9 (L  $XIWUDJXQ  Y ?2

I[ : I ! EH
VWLPPW  :HOOHQOlQJH  OLHIHU  0LQLP M RGH ! 0D[LP MCM; H  0ROHQEUFKHQ  GL 
EHVWLPPW  $JJUHJDWLRQVVW|FKLRPHWULH  HQWVSUHFKHQ
6XSUDPROHNXODU q $QRUGQXQJHQ

(L rq 9HUHLQIDFKXQ s GLHVH t 0HWKR u q VWHOO v GL q JHJHQVHLWLJ q 7LWUDWLR r+u qt EHLGH r
.RPSRQW qrnw XQ ufx GDU y +LHUEH z ZLU unq L rn{q VWLPPWH | 9ROXPH rq LQH t /|VXQJ }
GHU qr .RQ]HQWUDWL ~r EHNDQQ v LV vT} PL v HLQH t /|VXQ s GH t DQGHU qr .RPSRQHQW q
WLWULHU vT} GHUH r .RQ]HQWUDWLR r HWZ  X  GH r )DNWR t    JU|H t LVW y 'XUF  PLQLPDO q
=XJ {qr GH t KRFKNRQ]HQWULHUW qr'B VXQ s XQ uOu UF jq L r P|JOLFKV v JURH | 9ROX
P qr?u qt YRUJHOHJW qrNB VXQ s ZLU uju qt )HKOHU } GH t GXUF u H r 9HUGQQXQJVHIIHNW
HQWVWHKW } P|JOLFKV v NOHL r JHKDOWHQ y (L rq VSHNWURVNRSLVF q 9HUIROJXQ s GLHVH t
7LWUDWLR rjq UP|JOLFK v GD | %HREDFKW qr Y ~r 9HUlQGHUXQJ qr GH t %DQGHQODJ qr X ru
GHU qr $EVRUSWLRQVPD[LPD y 'XUF jq L rq $XIWUDJXQ s GH t $EVRUSWLRQH r I t DXVJH
VXFKW q :HOOHQOlQJ qr JHJ qrou L q =XJDEHPHQJ qX{ ]Z y .RQ]HQWUDWL ~r NDQ ro Q
KDQ u GH | .XUYHQYHUODXI | DX HLQ q %LOGXQ s Y ~r $JJUHJDW qr JHVFKORVVH r ZHU
GHQ=HLJWGL qq UPLWWHOW q .XUY qq L rqr OLQHUDH r 9HUODX PLWJOHLFKH t 6WHLJXQJOLHJ v
NHL rq :HFKVHOZLUN  rs ]ZLVF qrdu qr{ HLGH r $JJUHJDWLRQVSDUWQHU r YRU y 6L rBu
MHGRF  :HQGHSXQNW q L r?u qt .XUY q ] ?q UNHQQHQ } GHXWH v GLH | DX HL r YHUlQGHUWH |
$EVRUSWLRQVYHUKDOW qre ru DX $XVELOGXQ s Y ~r $JJUHJDW qr4 LQ y 'XUF  %HUHFK
QXQ s GH t .RQ]HQWUDWLR rOrOu qr 6FKQLWWSXQNW qrOu qt *HUDGHQ } GL q GXUF  OLQHDU q
5HJUHVVL ~rjq UPLWWHO v ZXU u qr $EE y  } NDQ r PD rju L q 6W|FKLRPHWUL qrju qt $J
JUHJDW qj{ HVWLPPHQ
'L q $JJUHJDWLRQVXQWHUVXFKXQJ qr ]ZLVF qr D XQ u  ZXU u qrnr F u qt ]XOHW]W
EHVFKULHEHQ qr 0HWKR u q;u UFKJHIKU vKy ( | ZXU u q;q LQ q 4XDU]NYHWW q PL v HLQH 
YHUOlQJHUWH  *ODVDXIVDW  I t HL r *HVDPWYROXPH r Y ~r+ P Ł HLQJHVHW] vKy 'L q =X
JDEHPHQJ qr ZXU u qr ]ZLVF qr)o ruC P Ł M qYr F  .RQ]HQWUDWLR rnu qt /|VXQ s
YDULLHU v
 ru PL v HLQH t (SSHQGRUISLSHWW q L rnu L q /|VXQ s HLQJHVSULW] vKy ( | ZXUG q$r
7LWUDWLRQH r L r :DVVH t
 ru L r '06  GXUFKJHIKUW y 'DUEH t KLQDX | ZXU u qu qt
&REDOWSKWKDORF\DQLQ.RPSOH   } GH t GL q~ VLWLY qr4B u XQJ qr ZHLWH t DXHUKDO {
GH | 0DNUR]\NOX | WUlJW }  t $JJUHJDWLRQVELOGXQJ qr YHUZHQGH vKy ( |N| ROOW q JHSUIW
ZHUGHQ } LQZLHZHL v GL q UHODWLY qB J q+u qt SRVLWLY qrOB u XQ s $XVZLUNXQJ qrQ X GL q
$JJUHJDWL ~r PL v GH  $OXPLQLXPSRUSK\ULQD v D XQ u DX HLQH r P|JOLF qr D
GXQJVWUDQVIH t ]ZLVF qr,u H r 0DNUR]\NO qr W
, r $EE y  6 LV v GL q 7LWUDWLR rYq LQH t ZlUL s qrdB VXQ s GH | &REDOWSRUSK\UD]LQ
.RPSOH[H |  PL v GH  $OXPLQLXPSRUSK\ULQD v D ]  VHKHQ y 'HXWOLF  VL rudu L q
9HUlQGHUXQJ qr GH t $EVRUSWLRQVEDQGH r ] q UNHQQHQ y 'L q 6RUHW  ruu L q 4
%DQG q3u q | 3RUSK\UD]LQ | EH z  4 Q u3   Q  QHKP qr VFKQH Ł Ł DE } ZRU r PD r
6XSUDPROHNXODU  $QRUGQXQJHQ

HL  $JJUHJDWL N UNHQQH  NDQQ  $XF N L  4%DQG N   3RUSK\ULQDW  ]HLJ 
NHL  JOHLFKPlLJH  $QVWLHJ  ZD  HEHQIDOO  HL  ,QGL  I  HLQ  $JJUHJDWLR 
]ZLVF   ? LG  0ROHNO  LVW
$EE     7LWUDWLR  Y    ¡ ¢ PROO £ PL ¤ D  ¡ ¥ PROO £ LQ :DVVHU
'XUF  $XIWUDJXQ ¦o H  $EVRUSWLR  FKDUDNWHULVWLVFKH  %DQGH  DO  )XQNWLR  GH 
=XJDEHPHQJ  GH  3RUSK\ULQDW  D HUKlO ¤ P § FKDUDNWHULVWLVFKH .XUYHQYHUOlX
IH  D  GHQH  PD  GL  %LOGXQ ¦ YHUVFKLHGHQH  $JJUHJDWLRQVIRUPH  HUNHQQ  XQ 
GL  6W|FKLRPHWULH , UUHFKQ  ND   $EE  
:L  L  $EE   ] ¨? UNHQQ  LV ¤T ]HLJ ? L > UH © .XUY  OLQHDU  $EVFKQLWW N¨ 
:HQGHSXQNWH  GL O [DN ¤ EH © GH  JOHLF  =XJDEHPHQJ  Y  D OLHJHQ  $ jª$
6FKQLWWSXQNWH  GH  *HUDGHQ  GL «¨ UF  OLQHDU  5HJUHVVL  UPLWWHO ¤ ZXUGH 
$EE    N §  P §$ GL Q [DNW  .RQ]HQWUDWLRQ ?§¨ GH  =XJDEHPHQJ +¨ B
GH ¬ 5HDNWLRQVYROXPH  UUHFKQHQ  'XUF  0LWWHOZHUWELOGXQ ¦ DX Y  6FKQLWW
SXQNW ;  YHUVFKLHGHQH  *HUDGH  EH © GH  YLH  XQWHUVXFKWH  :HOOHQOlQJH 
HUJLE ¤ VLF 7 L  6W|FKLRPHWUL  GH  $JJUHJDWH  'L  .XUY >  :HOOHQOlQJ  O ­  ®°¯
Q ¬ LVWL  $EE   ±³²N LFKWDEJHELOGHW














$EE Í  Î $XIWUDJXQ Ï GH Ð $EVRUSWL ÑÒ YHUVFKLHGHQH Ð :HOOHQOlQJ ÌÒ JHJ ÌÒ;Ó L Ì
=XJDEHPHQJ Ì Y ÑÒ D >PO@
$EE Í  Î (UPLWWOXQ Ï GH Ð 6FKQLWWSXQNW Ì4Ó ÌÐ *HUDGH Ò IU GL Ì %HUHFKQXQ Ï GH Ð
.RQ]HQWUDWLRQH Ò GH Ð HLQ]HO ÒÌÒ 6SH]LHV
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6XSUDPROHNXODU ' $QRUGQXQJHQ

7DEHOO ' (UPLWWOXQ ( GH ) GXUFKVFKQLWWOLFKH * =XJDEHPHQJ ' >PO@






$X +-,'.* 'XUFKVFKQLWWVZHUW '.*/,'.) =XJDEHPHQJ '.*/0.1+ 7DEHOO '  HUJ '.2'.* VLF 3
0.* G '.* 6FKQLWWSXQNWH * IROJ '.*,' .RQ]HQWUDWLR *'.* I ) GL ' $JJUHJDWLRQVSDUWQHU









































9HUJOHLFK ; PD *<, L ' .RQ]HQWUDWLRQ '.* GH ) $JJUHJDWLRQVSDUWQH ) D XQ ,  = V > ZLU ,
GHXWOLFK = GD ? ]ZH @ YHUVFKLHGH *' $JJUHJDW ' JHELOGH ; ZXUGHQ A 1DF 3 HLQH B $J
JUHJD ; GH ) 6W|FKLRPHWUL 'DC  = >&RWPWS\S]@ EGF >$O+ H 2WSSV
E
@ I J =  K D HUIROJ
W 'L2'.@ ZHLWHUH ) =XJD 2	' GL ' %LOGXQ ( HLQH + ]ZHLW '.* $JJUHJDWH + GH ) 6W|FKLRPHWUL '
 =M &R N N WPWS\S]@ EGF >$O+ H 2WSSV
E
@ I J = D A (L *' ZHLWHU ' =XJDE ' Y >.* D IKUW '
] 1 NHLQH ) QHXHQ $JJUHJDWVIRUP A 'L ' JHELOGHW '.* $JJUHJDWH = HL *' 7UL 0,'O1 Q ,L' L
*' '\DGH = X *, YHUPXWHW '.* 5HDNWLRQHQ = GL ' ZlKU '.*,P,'.) 7LWUDWLR *Q0 EOLHIHQ = VLQ ,
L * 6FKHP 0  ] 1 VHKHQ
6XSUDPROHNXODU R $QRUGQXQJHQ

6FKHP S 0HFKDQLVPX T GH U 7LWUDWLR V Y W.V X PLW D
=X U hEHUSUIXQ Y GH U $JJUHJDWLRQVSKlQRPHQ R ZXU ZR[R L VR XPJHNHKUW R 7LWUDWLR V
GXUFKJHIKU \^] (LQ R[_	` VXQ Y Y W.V D  ab  c d PROO e ZXU ZR PL \ HLQH U /|VXQ Y Y W.V
  a-b  c f PROO e WLWULHUW$EE ] 
$XF g L VhZR.U XPJHNHKUW R.V 7LWUDWLR V D PL \  VL VZiZ HXWOLF gR $Q]HLFK R.V I U HLQ R
$JJUHJDWL W.V ] jDR UN R.VVR.V $EE ]  ] 'L R ,QWHQVLWl \ GH U 6RUHW%D VZRkZRT 3RU
SK\ULQDW T EH lﬂmonp Q q QLPP \ PL \ ]XQHKPHQGH U =XJ S.rRhS.V 3RUSK\UD]LQ/|VXQ Y
DE ] 'L R ,QWHQVLWlWGH U 4%DQG RsZRT &REDOWSRUSK\UD]LQ T QLPPWQLFK \ NRQVWDQ \ ]X
ZL RtS.VuZ H V XQWHUVFKLHGOLFKH V $EVWlQGH V ]ZLVF gR.VuZR.V $EVRUSWLRQVOLQLH V ] j
VHKH V LV \^] 'XUF g $XIWUDJXQ Y GH U $EVRUSWL W.V FKDUDNWHULVWLVFKH U %DQG R.VvS O T
)XQNWL W.VwZR.U =XJDEHPHQJ RDZRT 3RUSK\UD]LQDW T  HUKlO \ PD V<R EHQIDOO Tsa KDUDN
WHULVWLVF gR .XUYHQYHUOlXIH x D VsZ HQH V PD VsZ L R %LOGXQ Y YHUVFKLHGHQH U $JJUHJDWL


























































$EE    7LWUDWLR  Y .      PROO  PLW    PROO  LQ :DVVHU
$EE    $XIWUDJXQ Ł GH  $EVRUSWL . YHUVFKLHGHQH  :HOOHQOlQJ . JHJ .i L 
=XJDEHPHQJ  Y .  >PO@






























ÀÂÁﬀÃÄÅÆÈÇÉµÈÊË Ì Í Î
6XSUDPROHNXODU Ï $QRUGQXQJHQ

:L Ï L Ð GH Ñ YRUKHULJ Ï.Ð 7LWUDWLR Ð ]HLJ Ï.ÐÒ L ÏsÒ UH Ó DXVJHZlKOW Ï.Ð .XUY Ï.Ð $EE Ô
OLQHDU Ï $EVFKQLWW Ï XQ Ò :HQGHSXQNWH Õ GL ÏPÏ [DN Ö EH Ó GH Ñ JOHLF ×Ï.Ð =XJDEHPHQJ Ï
Y Ø.Ð  OLHJHQ Ù $ ÐÚÒÏ.Ð 6FKQLWWSXQNW Ï.Ð GH Ñ *HUDGHQ Õ GL Ï GXUF × OLQHDU Ï 5HJUHVVL Ø.Ð
HUPLWWHO Ö ZXUGHQ Õ ND ÐÐ PDQ DQDOR Û GH Ñ YRULJH Ð 7LWUDWLR ÐsÒ L Ï<Ï [DNWH Ð .RQ]HQWUD
WLRQH ÐÝÜ.Þß GH Ñ =XJDEHPHQJ ÏtÞ Q Ò GH à 5HDNWLRQVYROXP Ï.ÐáÏ UUHFKQHQ Ù 'XUF ×
0LWWHOZHUWELOGXQ Û DX ß<ÒÏ.Ð 6FKQLWWSXQNW Ï.Ð GH Ñ *HU ÜÒÏ.Ð EH ÓÒÏ.Ð YLH Ñ XQWHUVXFK
W Ï.Ð :HOOHQOlQJH Ð HUJLE Ö VLF × GL Ï 6W|FKLRPHWUL ÏâÒÏ.Ñ $JJUHJDWH 'L Ï .XUY ÏâÒÏ.Ñ
:HOOHQOlQJ Ï O ã  äå Q à LVWL Ð $EE QLFK Ö DEJHELOGHW
7DEHOO Ï (UPLWWOXQ Û GH Ñ GXUFKVFKQLWWOLFKH Ð =XJDEHPHQJ Ï >PO@






$X ß-ÒÏ.Ð 'XUFKVFKQLWWVZHUW Ï.Ð/ÒÏ.Ñ =XJDEHPHQJ Ï.Ð/Ü.Þß 7DEHOO Ï  HUJ Ï.æÏ.Ð VLF ×
Ü.Ð G Ï.Ð 6FKQLWWSXQNWH Ð GH Ñ *HUDGH Ð IROJHQ ÒÏ .RQ]HQWUDWLRQH Ð I Ñ GL Ï $JJUHJD
WLRQVSDUWQHU










































9HUJOHLFK î PD ïñð L í .RQ]HQWUDWLR ïñðí.ò $JJUHJDWLRQVSDUWQH ò  XQ ð D ó V ô ZLU ð
GHXWOLFK ó GD õ VLF ö HEHQIDOO ÷ HL ï $JJUHJD î GH ò 6W|FKLRPHWUL í ø  ó
>$O+ ù 2WSSV ú @ û ü >&R ý ý WPWS\S]@
úGþ
D ß XQ ð EH   ZHLWHUH ò =XJDE í HL ï ]ZHLWH ÷
$JJUHJD î GH ò 6W|FKLRPHWUL íÝø  ó $O+ ù 2WSSV ú @ û ü >&RWPWS\S]@
úGþ
ó D  ELO
GHWH(LQ í ZHLWHU í =XJ í Y ô.ï  IKUW í ]  NHLQH ò DQGHUH ï $JJUHJDWVIRUP
'XUF öDð L í XPJHNHKUW í 7LWUDWLR ï Y ô.ï D PL î  L ï :DVVH ò ZD ò H ÷ HEHQIDOO ÷ P|J
OLFKHLQ í 7ULD ðíïð HL ï '\ ðí ] 	 LOGHQ
( ÷k÷ WHOOW í VLF ö ð L í )UDJH óoô VLF ö ZlKU í.ïðñðí.ò 7LWUDWLR ï
 F ö í LQ í 7UL ðí GH ò
)RU   ó >$O+ ù 2WSSV ú @ û ü >&RWPWS\S]@
úGþ
ó D   ELOGHW í XQ ð H ÷ DXIJUXQG
GH ò 8QHPSILQGOLFKNHL î GH ò 899LV6SHNWURVNRSL íPï LFK î GHWHNWLHU î ZHU ðí.ï NRQQWH
=X ò hEHUSUIXQ  GLHVH ò )UDJ í ZXU ðí<í LQ í IOXRURPHWULVF öí 7LWUDWLR ï Y ô.ï D PL î 
L ï :DVVH ò GXUFKJHIKU î (LQ í VXQ  Y ô.ï D PL î HLQH ò .RQ]HQWUDWLR ï	  ü 
PRO  ZXU ðí L ï<í LQH ò )OXRUHV]HQ]NYHWW í PL î HLQH  9ROXP í.ï Y ô.ï P  PL î HLQH ò
/|VXQ  Y ô.ï >&RWPWS\S]@
úGþ
GH ò .RQ]HQWUDWL ô.ïﬀ  ü ﬁ PRO ﬂ  ïﬃ PO6FKULWW í.ï
WLWULHU î 'L í VWDUN í )OXRUHV]HQ  GH ÷ $OXPLQLXPSRUSK\ULQDW ÷O÷ ROOW í L  )D   HLQH ò
$JJUHJDWL ô.ï ð UF ö ð D ÷ QLFK î IOXRUHV]LHUHQG í &REDOWSRUSK\UD]L ï  VJHO|VFKW
ZHUGHQ  'RF öQí L ïí )OXRUHV]HQ]DXVO|VFKXQ  NRQQW í ZlKU í.ïð[ðí.ò 7LWUDWL ô.ï[ï LFKW
EHREDFKWH î ZHUGHQ  'L í .RQ]HQWUDWLRQH ïsðí.ò EHLGH ï VXQJ í.ï ZXU ðí.ïsðí VKDO 
X  GH ï )DNWR ò  áí UK|K î XQ ðáð L í 0HQJ íáðí.ò HLQJHVWUDKOWH ï 3KRWRQ í.ïñð UF ö
6FKOLW]EOHQGH ï OLPLWLHUW ó X  HL ïí 5HHPLVVL ô.ïÚðí.ò )OXRUHV]HQ]VWUDKOXQ ïðwí L ï	í
9HUIlOVFKXQ  GH ÷ (UJHEQLVVH ÷ ]  YHUPHLGHQ  'D ÷ (UJHEQL ÷ GH ò 7LWUDWL ô.ï LV î L ï
$EE   ]  VHKHQ
:lKUH ïð ðí.ò 7LWUDWLR ï ZD ò HL ïí VWDUN í )OXRUHV]HQ]DXVO|VFKXQ  ð XUF öOð L í =X
J í Y ô.ï  ] wí UNHQQHQ  'XUF ö $XIWUDJXQ  GH ò )OlF öí!ï WH ò ðí.ï 3HD "®÷ JHJH ï
GL í =XJDEHPHQJ í YR ï  HUJ  VLF ö HL ï .XUYHQYHUODXI ó GH ò GUH   :HQGHSXQNW í
HUNHQQ í.ï OLH õ $EE    'H ò HUVW í 6FKQLWWSXQN î GH ò $XVJOHLFKVJHUDGHQ ó GL í
GXUF ö OLQHDU í 5HJUHVVL ô.ïhí UPLWHO î ZXUGHQ ó O # EH   HLQH ò =XJDE í Y ô.ï!#$ P  GH ò
&REDOWSRUSK\UD]LQDW/|VXQJ  'LH ÷ HQWVSUDF ö HLQH ò .RQ]HQWUDWLR ï Y ô.ï  ü %
PRO    )ROJOLF ö PXW í í L ï $JJUHJD î GH ò 6W|FKLRPHWUL í&  ó D   H[LVWLHUHQ
ð'sð L í $QIDQJVNRQ]HQWUDWL ô.ïðí÷ $OXPLQLXPSRUSK\ULQDW ÷ D Y ô.ï()  ü % PRO 
DO ÷*" RQVWDQ î EHWUDFKWH î ZXUGH ,+- *HJHQVDW  X ò 899LV6SHNWURVNRSL í JHODQ 
H ÷P÷ RPLW ó GLHVH ÷ $JJUHJD î ]  LGHQWLIL]LHUHQ  'L í.í LGH ï ZHLWHU í.ï $JJUHJDWVIRU
6XSUDPROHNXODU / $QRUGQXQJHQ

P /0 HQWVSUHFKH 021'/3 6W|FKLRPHWUL /ﬀ4  4  5 PO 6ﬂ7'081ﬀ4  9  4'4;: PO 6<7'081 VL 081>=?0
GH @ ]ZHLW /0 X 081A1 ULWWH 0 6FKQLWWSXQNW] 7(/ UNHQQH 0 $EE
$EE B  C )OXRURPHWULVF D8/ 7LWUDWL E0 Y E0 D  FHG  I J PROO 6 PL K   FLG
 I M PROO 6 L 0 :DVVHU
$EE B  C )OXRUHV]HQ]DXVO|VFKXQ N Y E0 D JH]HLJ KO=0'D8=0811'/3 DEQHKPHQG /?0
3HDNIOlF D8/7'0 WH 3 GH 0 )OXRUHV]HQ]NXUY /0 L 0 $EKlQJLJNHLWGH 3 =XJD P8/ Y E0 













































































1DF À 1DZUD Á ÂÄÃ Å ÆÈÇÉ Ê XQ Ë 7UDQ7KL Ì GL ¿ 7ULDGH Í ]ZLVF À8¿Í  Î'Í8Ë  XQ Ë ]ZLVFKH Í
7HWUDNLV1PHWK\OS\ULGLQLXPSRUSK\UL Í.Î'Í8Ë .XSIHUSKWKDORF\DQL Í GH Ï 6W|FKLR
PHWUL ¿  Ð EHREDFKWHWH Á ÆÒÑÓÇ Å ÆÒÑÓÔ Ê VL Í8Ë&Ë LH Õ GL ¿ QHXHVWH Í 7ULDGHQ Ì GL ¿ L Í ZlULJH Ï
/|VXQ Ö LGHQWLIL]LHUWZXUGHQ
' ×!Ø8¿Ù GH Ï 7LWUDWLR Í Y ÚÍ D PL Û  GUH Ù YHUVFKLHGH Í8¿ $JJUHJDW)RUP ¿Í DD
D X Í8Ë D Ü PLWHLQDQGH Ï L Ý *OHLFKJHZLFK Û VWHKHQ Ì PX Þ VLF À&Ë'¿Ï 0HFKD
QLVPXV Ì GH Ï GL ¿ 5HDNWLRQH ÍﬃØ8¿ VFKUHLE ÛßÌ Y ÚÍàË'¿Ý GH Ï HUVWHQ 7LWUDWL ÚÍﬃÎ'Í WHU
VFKHLGHQ á (L Í 0HFKDQLVPXV Ì GH Ï GL ¿ 5HDNWLRQH Í ZlKU ¿Í8ËâË'¿Ï 7LWUDWLR ÍâØ H
VFKUHLEH Í N|QQWHLVWL Í 6FKHP ×  EHVFKULHEHQ























































































































'L èêéë VXQJ èì GH í YHUVFKLHGHQH ì JHELOGHW èì $JJUHJDW è ZDU èìîì LFK ï VWDELO
6FKR ìðì DF ñAò#ó!ñðô LOGHW èì VLF ñ K|KHU è $JJUHJDWH õ GL èðö X ÷ GH í /|VXQ ø DXVILHO è?ì
ù
ì8ú PL ï EORH û $XJ è L ì )RU û Y üì ODQJ èì )l ú'èì ]
ù
VHKH ì ZDUHQ ý 1DF ñ =HQWUL




ì8úè L ì8è $JJUHJDWL üìú'èí HQWJHJHQJHVHW] ï JHODGHQH ì 0ROHNO è ZD í QLFK ï PHK í
]
ù
ô8è'üô8ö FKWHQ*OHLFK è %HREDFKWXQJ èì ZXU ú'èì Y üì 1DZU öðô8è VFKULHEHQ þ ß  
 
, ì ZHLWHU èì 9HUVXFKVUHL ñ8èì ZXU ú'è ú
ù
UF ñ DQDORJ è 7LWUDWLRQH ì YHUVXFK ïßõ $JJUH
JDW è ]ZLVF ñ8èì D XQ ú  E]Z ý  L ì '06 	 ]
ù
ô LOGHQ ý ( ÷
 RQQW èì MHGRF ñ L ì NHL
QH û )D   $Q]HLF ñ8èì I í HLQ è '\DGHQ RGH í 7ULDGHQ%LOGXQ ø
ø HIXQ ú'èì ZHUGHQ
'L è $XIWUDJXQ ø GH í $EVRUSWLRQ èì EHVWLPPWH í :HOOHQOlQJ èì JHJ èìú L è .RQ]HQW
UDWL üì*è UJ öô OLQHDU è .XUYHQYHUOlXIH ý , ì $EE ý  LV ï GH í 9HUODX HLQH í 7LWUDWL ü?ì
Y üì  PL ï D L ì '06 	 DQKD ì8ú
ú'èí =XJDEHPHQJ è Y üì D ]
ù
VHKHQ ý 2IIHQED í
ZLUN ï '06 	 GXUF ñ VHLQH VWDU 
 NRRUGLQLHUHQG è (LJHQVFKDï ]
ù
ú'è VDJJUHJLHUHQG õ
X û :HFKVHOZLUNXQJ èì ]ZLVF ñ8èì ú H ì 0ROHNO èì ]X]XODVVHQ ý %H  GH í 7LWUDWLR ì
Y üì  PL ï D N|QQW è GH í JU|HU è $EVW öì8ú ]ZLVF ñ8èì	ú H ì	èì WJHJHQJHVHW]W èìé D
GXQJ èì)ú'èí 0DNUR]\NO èì(è L ì8è $JJUHJDWL üì ]XVlW]OLF ñ	ô8è'è LQWUlFKWLJHQ
$EE ý   $XIWUDJXQ ø GH í $EVRUSWL üì!ô8è  
ù
Q ú  &ì#û JHJ èì*ú L è =XJDEH
PHQJ è Y üì D >PO@
























%L > KHXW = LV ? NHL @=A= [DNW = VWUXNWXUHOO = $QRUGQXQ B GH C $JJUHJDWLRQVSDUWQH C L @
'\DGHQ D 7ULD Eﬂ=@GFﬂEﬂ=C 3HQWDGH @IH= NDQQ ?J 1058QWHUVXFKXQJHQ D /LFKW XQ E
1HXWURQHQVWUHXXQJVH[SHULPHQW = VFKHLWHUWH @LK@LE H M VHK C JHULQJ =@ .RQ]HQWUD
WLRQVVSLHOUDX M VROFKH C /|VXQJHQ D GL = EHVWLPPW = )RUP =@N= LQH > $JJUHJDWH > HQW
KLHOWHQ J +lXIL B EHJDQQH @ VLF O JUR = $JJUHJDW = ]XVDPPHQ]XVFKOLH =@QPﬂ@E
ILHO =@RKP> GH C /|VXQ B DXV D V FSEﬂKUT 8QWHUVXFKXQJ =@ ]X C 6WUXNWXUEHVWLPPXQ B
QLFK ? PHK C P|JOLF O ZDUHQ J 7UDQ7K V JHODQ B=ﬀ> PL ? +LOI =Eﬂ=C /DQJPXLU%ORGJHWW
7HFKQLN D +HWHURDJJUHJDW = ]ZLVF O=@ NDWLRQLVF O=@ 3RUSK\UL @=@WP Q E WHWUDVXOIR
QLHUWH @ 3KWKDORF\DQLQH @XKP> GH C ZlULJ =@ 3KDV = DXY HLQ = 4XDU]REHUIOlFK = DE
]XVFKHLGHQ Z [\] ^ 0 K@_= UKLHO ? $JJUHJDWH D GL = IODF O_K XIGH C 4XDU]REHUIOlF O= ODJHQ
'L = $QRUGQXQ B GH C 0DNUR]\NO =@ ]XHLQDQGH C VWLPP ? PL ? GH C $QRUGQXQ B DX > %H
UHFKQXQJ =@ PL ? UlXPOLFKH @ 0RGHOOH @a`ﬂH= UHLQ D L @ GHQH @bE L = 0DNUR]\NO =@ L @b= L
QH C NRSODQDUH @ )DFHWR)DFH*HRPHWUL = ]XHLQDQGH C YRUOLHJHQ D G Kdc ULQ]LSLH e e
NHL @= JHJHQVHLWLJ = +LQGHUXQ BfE H C 5LQJV\VWHP = YRUOLHJW$EE J 
$EE J  g 'UDXIVLFK ? DXY HL @ 0RGH e e HLQH > $JJUHJDWV Z hh ^  i ]ZLVF O=@b= LQH M
0HWDOONRPSOH j GH > 7HWUDNLVVXOIRQDWRSKHQ\OSRUSK\ULQ > XQWHQ
JUDX ikPﬂ@El= LQH M 0HWDOONRPSOH j GH > 1PHWK\OLHUW =@ 7HWUD m 3\ULGLQLRSRUSK\


































, plq LHVH r 0RGH s s ELOG oplq L o EHLGH p 5LQJV\VWHP oto L p ,RQHQSDD u8vﬂpq VLQ q JH
JHQVHLWL w X r HWZ x  y YHUGUHK z|{ GDPL z VLF }Gq L o %HQ]ROULQJ o~qﬂoﬂ 3RUSK\ULQ
V\VWHP  XQ qq L o 3\ULGLQLXP*UXSSH p GH  3RUSK\UD]LQ  QLFK z VWHULVF }l} LQGHUQ 
'L oop WJHJHQJHVHW]WH pa DGXQJ opbo VLW] opLxou GHQQRF }Lo L po JQVWLJ o 3RVLWL

p ]XHLQDQGHU { V

q D  Y





r DXVJHJDQJH p ZLUG
 /DGXQJVWUDQVIHUXQWHUVXFKXQJH Ł ]ZLVFKH ŁŁ D
:lKUH pqXqﬂou 7LWUDWLR p Y

p D PL z  NRQQW oXo L p

x UWLHOOH u /DGXQJVWUDQVIH u Y

p D
] v  ]ZLVF }opRq H p EHL qﬂop $JJUHJDWLRQVSDUWQHU p GXUF }Ro LQ o 6FKXOWH uxptqﬂou
6RUHW%DQG oNq H  3RUSK\ULQDW  EH  HWZ xf 

pﬂr EHREDFKWH z ZHUGH p $EE  




p D GHXWOLF }
] vo UN opﬂpop $EE    (L p ZHLWHUH  ,QGL  ZD u GL o VFKQHOO o $EQDKP obqﬂou 4
%DQG o Y





p  PL z D $EE    'LHV o $EQDKP o




p  ] v V o}op $EE    'XUF } %HVWLP
PXQ w GH u 5HGR[SRWHQWLDO oqﬂou '\ xﬂqﬂov Q q GXUF } ZHLWHU o 7LWUDWLRQHQ { GL o XQWH u
$UJRQDWPRVSKlU o GXUFKJHIKU z ZXUGHQ { VROOW o GH u /DGXQJVWUDQVIH u Y

p D ] v 
YHUEHVVHU z ZHUGHQ  $XF }qv UF } %HVWUDKOXQJVYHUVXF }oqﬂou GDUJHVWHOOW op 7ULPH
U ovﬂpq GH  'LPHU  HUKRIIW o P xp VLF } ,QIRUPDWLRQH p EH u /DGXQJVEHUJlQJ o
]ZLVF }opqﬂop $JJUHJDWLRQVSDUWQHU p D XQ q 
:L o EHUHLW  HUZlKQ z{ VL pqd VXQJ opIqﬂou JHELOGHW op $JJUHJDW o QLFK z VWDELO 
6F }

p QDF }o LQH u =HL z Y

p ﬀ} LO qﬂop VLF }b} KHU o $JJUHJDWH { GL oxv GH u /|
VXQ w DXVIDOOHQ  )ROJOLF } PXW op I u GL oo OHNWURFKHPLVFK op ([SHULPHQW o¡v Q q
%HVWUDKOXQJVYHUVXF }o IULVF }o $JJUHJDW oR} HUJHVWHOO z ZHUGHQ { GL otp X u LQQHUKDO 
ZHQLJH u 6WXQGH p¢p DF }q H r $QVDW A£ HUZHQGH z ZHU qﬂop GXUIWHQ  (L po¢q LUHNW o
9HUHLQLJXQ w lTXLPRODUH u /|VXQJH p ]X u (U]HXJXQ w HLQH  'LPHU  IKUW o ]X u¤u D
VF }op %LOGXQ ww URH u $JJUHJDWH { GL obxv GH u /|VXQ w DXVILHOHQ  'DKH u ZXUGH p
GL o $JJUHJDW o NXU] o =HL z YR u¥qﬂop 8QWHUVXFKXQJ op GXUF } 7LWUDWLRQH p}o UJHVWHOOW
vﬂpqfq LUHNWHLQJHVHW]W
) u GL o %HVWLPPXQ w GH u 5HGR[SRWHQWLDO o GH u '\ xﬂqﬂo D ZXU qﬂoAo L po¦  § ¨
PRODU o VXQ w KHUJHVWHOO z|{ GL opx F } =XJ xo Y

p 1%X © %) ©  ªL«  § ¬ PROO ­ YHU
PHVVH p ZXUGH'D  &\FORYROWDPPRJUDP r LVWL p $EE   ] v VHKHQ
6XSUDPROHNXODU ® $QRUGQXQJHQ

$EE ¯ &\FORYROWDPPRJUDP ° GH ± 'LPHU ± D  ²:³  ´ µ PROO ¶ L · :DVVHU
(L · 9HUJOHLF ¸¹ LHVH ± &\FORYROWDPPRJUDPP ± PL º GH ° GH ± &REDOWSRUSK\UD]LQ
.RPSOH[H ±  $EE ¯  ¶ Ol º QX » JHULQJ ® 8QWHUVFKLHG ®® UNHQQHQ ¯ 6 ¼ LV º GL ® UH
YHUVLEO ® 5HGR[ZHOO ®½®¾À¿¡³  Á4ÂÃ P9 Ä GL ® VLF ¸l® WZD ± Y ¼·l¹ﬂ®» 5HGR[ZHOO ® L ·
GH ° &\FORYROWDPPRJUDP ° Y ¼·  XQWHUVFKHLGH º $EE ¯  Ä X ° HWZ ÅIÆ Ç P È
NDWKLRGLVF ¸ YHUVFKREHQ ¯ 'LHV ® 9HUVFKLHEXQ É N|QQW ®N¹Ê UF ¸® LQH · WHLOZHLV ® VWDWW
ILQGHQGH ·aËÅ GXQJVWUDQVIH » Y ¼· D ] Ê  LQQHUKDO ½¹ﬂ®ﬂ± 'LPHUH ±XÌ XVWDQ ¹ﬂ® NRP
PHQ ¯ $QGHUHUVHLW ±Í± L ·¹d¹ L ® 8QWHUVFKLHG ® ] Ê JHULQ ÉÎÊﬂ·¹Ï¹ﬂÅﬂ± &\FORYROWDP
PRJUDP ° N|QQW ®ÅÊ F ¸¹Ê UF ¸ PRQRPHUH ±  Ä GD ± L · GH » /|VXQ É L ° hEHUVFKX Ð
YRU ¸Å·¹ﬂ®· ZDU Ä HQWVWDQGH · VHLQ ¯ (LQ ® 5HGR[ZHOO ®¹ﬂ®ﬂ± IUHL ®· $OXPLQLXPSRUSK\
ULQ ± ZD » KLQJHJ ®·Ñ· LFK º ] Ê® UNHQQHQ ¯ 'L ®R½ HLGH · 3HDNSRWHQWLDO ®R½®¾  Ò X ·¹
ÁÓÒÔÈ N|QQW ®·:¹Ê UF ¸ 9HUXQUHLQLJXQJ ®· L ·¹ﬂ®» /|VXQ É DXIJHWUHWH · VHLQ
8 ° HLQ ® $XVVD Éﬀ® EH » HLQH ·tËÅ GXQJVWUDQVIH » WUHIIH · ] Ê N|QQHQ Ä ZXU ¹ﬂ®t® LQ ®
/|VXQ É GH ± 'LPHU ±  ²f³  ´ µ PROO ¶ EH ¾ HLQH » 6SDQQXQ É Y ¼·ÒNÈ HOHNWURO\VLHUW
$EE ¯  ¯ %HYR » GL ® 6SDQQXQ É Y ¼·¿S³ÒÈ DQJHOHJ º ZXUGH Ä ]HLJW ® VLF ¸ L °
6SHNWUXP Ä GD Ð HL ·ÕÅ UWLHOOH » /DGXQJVWUDQVIH » ]ZLVF ¸®· D XQ ¹  VWDWWJHIXQG ®·
KDWWH Ä GH »¥Å· GH » 6FKXOWH » GH » 6RUHW%DQ ¹ﬂ® GH ± 3RUSK\ULQDW ± ] Ê® UNHQQ ®· ZDU ¯
'LHV ® 6FKXOWH » YHUVFKZ Å·¹ ZlKU ®·¹ GH » (OHNWURO\V ®®½ HQV ¼ ZL ®¹ L ® 4%DQ ¹ﬀ®
GH ± 3RUSK\UD]LQ.RPSOH[H ± EH ¾  ÇﬀÖ QP ¯ *OHLFK]HLWL É QDK ° GL ® ,QWHQVLWl º GH »
6RUHW%D ·¹ﬂ®Ñ½®¾  Æ ×· ° ]X ¯ 'LH ± EHGHXWHWH Ä GD Ð EHUHLW ± EH ¾ HLQH » 6SDQQXQ É
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$EE M 2[LGDWL NO GH P 'LPHU P  QSR  T U PROO V EH WXﬀRZY 9
(L OL NRPSOHWW L 2[LGDWL NO GH P 3RUSK\ULQV\VWHP P EH W JOHLFK]HLWLJH [ 5HGXNWLR O
GH P 3RUSK\UD]LQV\VWHP Pﬁ\ RQQW L-]^ UF _ VSHNWURHOHNWURFKHPLVF _L 9HUVXF _LZO LFK `
EHREDFKWH ` ZHUGHQ M ' a I [ GL L 5HGXNWLR O GH P >&R b b WPWS\S]@ ced 6\VWHP P ]X f
>&R b WPWS\S]@ ghd 6\VWH f ]ZH W (OHNWURQ LO&O |WL i VLQG j X f HL O L f 6SHNWUX f HU
VLFKWOLFKH P 9HUVFKZLQ ]LO&]L[ 4%DQG L ] ^$kL ZLUNHQ j GD P 3RUSK\ULQV\VWH f L O
GLHVH f 6SDQQXQJVEHUHLF _-a EH [ QX [ HL O (OHNWU NO-]^ UF _ 2[LGDWL NO ]X f 5DGLNDO
NDWL NO OLHIHU O NDQQLV ` HL O VROFKH [ TXDQWLWDWLYH [ 3UR]H l DXVJHVFKORVVHQ
) [ HL OL 9HUEHVVHUX O6i GH P SDUWLHOO LOnm6a GXQJVWUDQVIHU PoP ROOWH O /|VXQJHQ j GL L
$JJUHJDW L-LO WKLHOWHQ j XQWH [ $UJ NOpkL VWUDKO ` ZHUGHQ j GDPL ` (OHNWURQH O ]ZLVFKH O
]LO DQJHUHJW LO =XVWlQG LO GH [ EHLGH O 6\VWHP Lrq EHUJ L_LO N|QQHQ M +LHU] ^
ZXU ]LOsm6t VXQJHQ j GL LuL EHQIDOO P GXUF _ 7LWUDWLRQH O GDUJHVWHOO ` ZXUGHQ j HLQ L
6WXQ ]L PL ` $UJ NOv]^ UFKVSO ` XQ ] DQVFKOLH LO] PL ` PRQRFKURPDWLVFKH [ 6WUDK
OXQ i EH W GH [ :HOOHQOlQJ L Y NOoYﬃOf DQJHUHJ `"M =XYR [ ZXU ]LOZm6t VXQJ LOp]L[ HLQ
]HO OLO .RPSRQHQW LO ]ZH W 6WXQG LOﬃkLW JOHLFKH [ :HOOHQOlQJ LwkL VWUDKO `"M (V ]HLJ
W L VLFK j GD l GL L ,QWHQVLWlW LOx]L[ 3RUSK\ULQEDQGH O LQQHUKDO k Y NO ]ZH W 6WXQGH O
LUUHYHUVLEH y X f HL O 'ULWWH y DEQDKPHQ j ZlKUHQ ]Z] L L 3RUSK\UD]LQEDQG LO LKU L $Q
IDQJVLQWHQVLWl ` EHLEHKLHOWHQ M{z|f *HJHQVDW }v} X f 3RUSK\ULQ.RPSOH~ D LV ` GD [
3RUSK\UD]LQ.RPSOH ~  XQWH [ GLHV LO 8PVWlQGH O-ak VROX ` VWDELO M ( P ZXU ]LO %H


















VWUDKOXQJ Z '\  Q  7ULDGHQ  GL  GXUF   7LWUDWLRQH   UJHVWHOO ¡ ZRUGH 
ZDUHQGXUFKJHIKUWX ¢ L  (UJHEQLVV  PLWHLQDQGH  YHUJOLFKHQ
%H £ GH  %HVWUDKOXQ ¤¥ H  '\DGH  GD ¦ GXUF   7LWUDWLR  Y § D PL ¡  JHZ §
ZXUGH  NRQQW & L  SDUWLHOOH  /DGXQJVWUDQVIH  YR ¨ 3RUSK\UL  ]X ¨ 3RUSK\UD]L 
EHREDFKWH ¡ ZHUGHQ © 1DF   ]ZH £ 6WXQGH  ZD  VRZRK ª EH £ 3RUSK\ULQ%DQG 9
DO ¦ DXF  #«£ G  3RUSK\UD]LQ%DQGH ﬀ L  9HUULQJHUXQ ¤ GH  ,QWHQVLWlWH  IHVW
]XVWHOOHQ © $XHUGH ¨ ELOGHW  VLF   HLQ  6FKXOWH  D  GH  6RUHW%DQ  GH ¦ 3RUSK\
ULQDW ¦ $EE ©  © ' p L  $EQDKP p 3RUSK\UD]LQ%DQG  EH £ GH  '\  VHK 
YLH ª VWlUNH  LV ¡ DO ¦ GL  $EQDKP ¬ JOHLFKH  %DQG  EHL ¨ +RPRGLPH  Y § 
VSULFK ¡ GLH ¦ HEHQIDOO ¦ I  HL  SDUWLHOO  5HGXNWL §x Q  VRPL ¡ I  HLQH Z­6 GXQJV
WUDQVIHU © 'L  %HVWUDKOXQ ¤ GH  '\ ﬁ¦ GH  XPJHNHKUW  7LWUDWL § Y §  PLWD
OLHIHUW  GD ¦ JOHLF   (UJHEQLV
$EE ©  ® %HVWUDKOX 6¤ GH  '\ x¦ GH  7LWUDWLR  D ¯±°ﬃ²  ³ ´ PROO µ PL ¡ 
 °S²  ³ ¶ PROO
,QWHUHVVDQ ¡ ZD  GL  %HREDFKWXQJ  GD · DQVFKHLQHQ  HLQ  $UJRQVSOXQ ¤ DXV
UHLFK ¡¸ X ¨ HL  /DGXQJVWUDQVIH  GXUF   (QWIHUQXQ ¤ Y § 6DXHUVWRI ¹ ]  YHUVWlU
NHQ1DF   'DUVWHOOXQ ¤ GH  '\  D GXUF   7LWUDWLR  Y § D PLW ZXU  ZlK
U - LQH  GUHLVWQGLJ  $UJRQVSOXQ ¤ HEHQIDOO ¦ $Q]HLF   I  HLQ w­ DGXQJV
WUDQVIH  Y § D ]   EHREDFKWH ¡ $EE
















$EE Ö /DGXQJVWUDQVIH × YHUVWlUNWGXUF Ø $UJRQVSOXQJ
, Ù *HJHQVDW Ú-Ú4ÛvÜ LHV ÕÝ (UJHEQLVVH ÝZÞßà H á EH â GH × %HVWUDKOXQ Þ GH × 7ULDG Õ9Ý
JUR Õ 8QWHUVFKLHGH(L ÝÕﬁÜ UHLVWQGLJ Õ %HVWUDKOXQ Þ GH × 7UL ßÜÕ D ã GL Õ ]XYR ×
GXUF Ø 7LWUDWL äÝ Y äÝ D PL å  KHUJHVWHOO å ZRUG ÕÝ ZDU ã IKUW Õ ] Û NHL ÝÕÝ bQGHUXQ
J ÕÝ¬ÜÕ× %DQGHQLQWHQVLWlWH Ý XQ Ü ODJ ÕÝ L Ù 899LV6SHNWUXP Ö 'LH á EHGHXWHWH ã
GD æ H áoá LF Ø X Ù HL Ý VWDELOH á $JJUHJD å KDQGHO Ý PXWH ã L Ý GH Ù NHL Ý&ç6ß GXQJV
WUDQVIH × VWDWWIDQG Ö (LQ Õ %HVWUDKOXQ Þ GH × 7ULDG Õ  è  ã GL ÕwßÛá GH × XPJHNHKUWH Ý
7LWUDWLR Ý Y äÝ  PL å D JHZ äÝÝÕÝ ZRU ÜÕÝ ZDU ã IKUW Õ ] ÛÜÕÛ WOLF ØÕÝ 9HUVFKLHEXQ
J ÕÝéÜÕ× %DQG ÕÝ L Ù 899LV6SHNWUXP Ö :lKU ÕÝÜêÕ LQH × =HL å Y äÝìëí PL Ý YHU
VFKZ ßÝÜÕÝwÜ L Õ EHLG Õ9Ý +DXSWEDQGH Ý IDV å Y|OOL ÞÛÝÜﬀÕ LQ Õ Q ÕÛÕ %DQ ÜÕﬀÕ UVFKL ÕÝ
EH â  î Q Ù $EE Ö  Ö 'D á (QGVSHNWUX Ù JOLF ØÜ H Ù HLQH × 3HQWDGH ã GL ÕvïHÖ 6DOD
EHU å EHREDFKWH å KDWWH Öðï QWHUHVVDQ å ZD × DXF ØﬃÕ L ÝÕ 6FKXOWHU ã GL Õ ZlKU ÕÝÜ GH × $U
JRQVSOXQ Þ EH â  ñvÝÙ HUVFKLH Ý XQ Ü ] ÛpÕ LQH Ù WHLOZHLV Õxä [LGLHUWH Ý 3RUSK\UD]L
QD å JHK|UH Ý N|QQWH Ö 'LHV Õ VWDUN ÕÝ 8QWHUVFKL ÕÜÕ OLH ÕÝ YHUPXWHQ ã GD æ H áﬃá LF Ø
EH â GH Ý EHLGH Ý 7ULDGHQ ã GL ÕﬀÜÛ UF ØﬀÛÝ WHUVFKLHGOLF ØÕ 7LWUDWLRQH Ý KHUJHVWHOO å ZRU
ÜÕÝ ZDUHQ ã X Ù YHUVFKLHGHQ Õ $UW ÕÝ KDQGHOWH Ö 'L Õ 7UL ßÜÕÝ ZXU ÜÕÝ-ÜÛ UF ØvÛÝ WHU
VFKLHGOLF ØÕ 5HDNWLRQH Ý JHELOGH å XQ Ü VWHKH Ý VRPL å L Ý YHUVFKLHGHQ ÕÝ *OHLFKJH
ZLFKW ÕÝ PL å DQGHUH Ý 6SH]LHV Ö 'LH á ZLU ÜwßÛ F Ø DX á GH Ù 5HDNWLRQVPHFKDQLVP Õ9Ý
L Ý 6FKHP ß  XQ Ü 6FKHP ß  X ÝÜ#ÜÕÝ 899LV6SHNWU ÕÝﬀÜÕ× YHUVFKLHGH Ý6Õ9Ý
6SH]LH á HUVLFKWOLFK Ö %H â GH × 7LWUDWL äÝ Y äÝ D PL å  ZLU ÜòÜ L Õ 7ULDG Õ DO áZá WDELOH á


















(QGSURGXN  GXUF  5HDNWLR  GH  '\DG  D  GL  L  GH  /|VXQ  L  hEHUVFKX 
YRU ﬀ LV ﬁ PL  QH ﬂ GD] ﬂ JHJHEHQH   GD ﬃ L  )RU  GH ﬃ +RPRGLPHU ﬃ YRU
OLHJW  ﬂﬀ! VFKOLHHQGH  $EVSDOWXQ  Y "  JHELOGH $# ( ﬃ%ﬃ L  NHLQ  1HEHQ X 
)ROJHUHDNWLRQH  ZlKU  GH  $UJRQVSO ﬂ&'ﬂﬀ(ﬀ %HVWUDKOXQ  P|JOLF 
6FKHP   # %H ) GH  7LWUDWL " Y "  PL  D KLQJHJ * WVWHK  GL  7ULD &
D GXUF  LQWHU  8PODJHUXQ  DX ﬃ HLQH  DQGHU  7ULDG   + D #-, V  GLHVH 
8PODJHUXQJVSUR]H  ODQJVDP  N ﬀ.ﬀﬃ GXUF  %HVWUDKOXQ  DQJHUHJ  ]X HLQH 
1HEHQUHDNWLR  ]ZLVFK /ﬀ 7ULD ﬀ D X 0ﬀ NXU]]HLWL  YRUKDQGHQH  '\
ﬀﬀ D NRPPHQ  GL  ]XVDPPH 1 L  3HQW ﬀﬀ DD ELOGH  6FKHP !2 
 # $XH  GH  (QGVSHNWUXP  GD ﬃ DX3 HL  3HQW ﬀﬀ4 LQGHXWH ﬁ NRQQW  NHL  ZHL
WHUH  %HZHL ﬃ HUEUDFK  ZHUGHQ 'XUF 5 LUHNW  9HUHLQLJXQ  Y "56 TXLPRODUH 87 |
VXQJ 5ﬀ '\DG  XQ  GH  7ULDGH  GL 9ﬂ QWH  $UJ " KHUJHVWHOO  ZXUGHQ  NRQQW 
GL  %LOGXQ  GH  3HQWD ﬀ: LFK  UHSURGX]LHU  ZHUGHQ # $XF ; L  7LWUDWL " Y " 
PLWD XQWH  $UJ " IKUW  ] ﬂ NHLQH  (UIROJ
$EE #  < 6SHNWUHQYHUODX3 ZlKU = LQH  %HVWUDKOXQ  GH  7ULDGH  GDUJHVWHOOW
GXUF  7LWUDWLR  Y "  PLWD


















6FKHP ^  _ (QG ] GH ` 0HFKDQLVPX ` GH a 7LWUDWL bc Y bc D PL d  V6FKHP ^/e 
6FKHP ^  _ %LOGXQ f GH a 7ULD gﬀ] ZlKUHQ ghg H a 7LWUDWLR c Y bc  PL d D X cg )ROJH
UHDNWL bc ]X a 3HQWD gﬀ] DD V i 6FKHP ^ 
%H j GH c 3UR]HVVHQ k GL ] L c%g H c OHW]W ]c $EVlW] ]c EHVFKULHE ]c ZXUGHQKDQGHOWH `
VLF l8mﬀn 5HDNWLRQHQ k GL ] L c NRPSOL]LHUW ]c *OHLFKJHZLFKW ]c PLWHLQDQGH a VWHKHQ
%HVRQGHU ` GDQQ k Z ]cﬀc PHKUHU ] 7HLOFK ]c L c GH a /|VXQ f HQWVWHKHQ k GL ] $JJUH
JDW ]ogm UF l 8PODJHUXQJ ]c8bﬀgﬀ]a $EVSDOWXQJH cop LOGH c N|QQHQ k LV d HL c] 9RUDXV
VDJ ]qgﬀ]a HUZDUWHWH c 5HDNWLR c QLFK d HLQIDFK i 6FK bcr] L c JHULQJH a .RQ]HQWUDWL

































































































































VDPW wx *OHLFKJHZLFKWVV\VWHP y IKUHQ z $XF { GH | VHK | VFKPDO w .RQ]HQWUDWLRQV
EHUHLFK } L x/~ H  H y ]  $JJUHJDWL xwx NRPP } LV  QLFK  LPPH | OHLFK  HLQ]XKDOWHQ
'XUF { %LOGXQ  K|KHUH | $JJUHJDWH } GL w ]X  7H   GLUHN  DXVIDOO wx N|QQHQ } LV  GL w
.RQ]HQWUDWLR x GH | HLQ]HO xwx 6SH]LH y ZlKU wx~*~ﬀw| 8QWHUVXFKXQJ wxx L w NRQ
VWDQW z 'LH y NDQ x%x GH x VWHWL  DEQHKPHQGH x $EVRUSWLRQVEDQGH x GH | $JJUHJDW w
EHREDFKWH  ZHUGHQ z /HW]WHQGOLF { NRQQW w MHGRF {O~ L w %LOGXQ  Y x ZRKOGHILQLHUWHQ
VWDELOH x '\ ﬀ~ﬀwxŁ Q ~ 7ULDG wxŁx FKJHZLHVH x ZHUGHQ z 'XUF { VSHNWURHOHNWURFKH
PLVF {w ([SHULPHQW w X x~ %HVWUDKOXQJVYHUVXF {w ZXU ~ﬀw=w L x= UWLHOOH | /DGXQJV
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9HUELQGXQJ 067 L 7 GH 5 .UHEVIRUVFKXQ 2 ZXU 3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GXQJVDFKV 0 GH 5 $JJUHJDW 0 ZDQGHUQ 8 Z 0677 UHGR[DNWLY 0 =HQWUDOPHWDOO 0 YRUKDQ
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V6WqX H W ZDVVHUO|VOLF \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V6WX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ZlKQW Ç6È 9HUXQUHLQLJXQJ Ç6ÈÍÇ6Ë 0HWDOOSRUSK\ULQDW Ç DJ PL Ì 1DWULX Æ ] Ø 7DJH
'L Ç 5HGR[SRWHQWLDO Ç[ÍÇ6Ë OLSRSKLOH È .RPSOH[ Ç ZXU ÍÇ6È L È WURFNHQH Æ 'LFKORU
PHW ÑÎ6È PL Ì 1%X Ü 3) Ý DO Ö /HLWVDO Þ EHVWLPP ÌUÓ 'L Ç 3RWHQWLDO Ç GH Ë ZDVVHUO|VOLFK ÇEÈ
.RPSOH[ Ç ODJ Ç6È PHLV Ì DXHUKDO ÐßÍÇÖ 0HEHUHLFK Ö HLQH Ö 1D&O2 Ü :DVVHU
6\VWHPV Ó 'HQQRF Ñ NRQQWH È?Í L Ç 5HGR[SRWHQWLDO ÇàÍÇ6Ë HUVW Ç6È 5LQJR[LGDWL Ô6È?ÍÇ6Ë
.RPSOH[ Ç DF EHVWLPP Ì ZHUGHQ Óâá¢Æ )D Ê Ê GH Ö $QWLPRQNRPSOH[H Ö J ZD Ë DXI
JU ØÈÍ4ÍÇ6Ë VWDU Ú YHUVFKREH ÈÇ6È 5HGR[SRWHQWLDO Ç ] Ø4ãÔ VLWLYH Ë 6SDQQXQ Ù HL ÈÇ %H
VWLPPXQ Ù?Í H Ë 5HGR[SRWHQWLDO Ç?ÍÇ6Ë HUVWH È?ØﬁÈÍ ]ZHLW Ç6È 5LQJUHGXNWL Ô6È P|JOLFK
0HVVXQJ Ç6È L È '0 ä RGH Ë '062GL ÇŁÇ LQ Ç6È DQGHU Ç6È 0HEHUHLF ÑyÇ UODXEWHQ ÒÛå KU
W Ç6È½È LFKW] Ø DXVZHUWEDU Ç6È (UJHEQLVVHQ
7KHUPRJUDYLPHWULVFK Ç 8QWHUVXFKXQJH ÈÎEÈÍÇ6È ZDVVHUO|VOLF ÑÇ6È 0HWDOONRPSOH
[ Ç6È DJ EHZLHV Ç6ÈæÍ L Ç )lKLJNHL Ì GH Ë .RPSOH[H Ò HL ÈÇ K Ô6ÑÇ :DVVHUPHQJ Ç Y Ô6È
EL Ö ] Øèçêé :DVVHUPROHNO Ç6Èëã U Ô 3RUSK\ULQHLQKHL Ì XQWH Ë 1RUPDOEHGLQJXQ ÙﬁÇEÈ
DXI]XQHKPHQ Ó %H É GH Ë $ENKOXQ Ù GH Ë DXVJHKHL]WHQ Ò ZDVVHUIUHL Ç6È .RPSOH[ Ç
]HLJW Ç VLF ÑØÈ WHUKDO ÐDÇ LQH Ë 7HPSHUDWX Ë Y Ô6Èàçìì  í HL ÈÇ VWDUN Ç $XIQDKP Ç YR È
:DVVHU'DPL Ì VL ÈÍ½Í LHV Ç 9HUELQGXQJ Ç6ÈyÎ O Ö K\JURVNRSLVF ÑÇ LQ]XVWXIHQ
0L Ì +LOI ÇÍÇ6Ë (OHNWURSKRUHV Ç NRQQW ÇÍÎÖ 9HUKDOWH È GH Ë 0HWDOOSRUSK\ULQDW Ç DJ
L È ZlULJH Ë /|VXQ Ù XQWHUVXFKWZHUGHQ'XUF Ñ GL Ç %HVWLPPXQ Ù GH Ë 5 î :HUW ÇBÐÇ6É
YHUVFKLHGHQH Èã +:HUW Ç6È ZXU ÍÇ6È ZLFKWLJ Ç ,QIRUPDWLR ÈÇ6ÈhÏ EH Ë GL Ç $FLGLWl Ì GH Ë
/LJDQGH È XQ ÍŁÍ L Ç %LOGXQ Ù Y Ô6È LQQHUH È 6DO] Ç6È JHZRQQHQ
=XVDPPHQIDVVXQJ

(L ïð 9HUXQUHLQLJXQ ñ4ò H ó 3RUSK\ULQ ó  ô GL ð ZlKUHQ òDòð6õ 'LSORPDUEHL ö Y ÷6ï +RII
PDQ ïBð QWGHFN ö ZXUGH ô NRQQW ð PL ö +LOI ð GH õ SUlSDUDWLY ð6ï +3/ ø LGHQWLIL]LHU ö ZHU
GHQ ù 8QWH õ 9HUZHQGX ïñ Y ÷6ï 537UHQQVlXO ð6ï JHODQ ñ H ó PL ö +LOI ð GH õ ,RQHQ
SDDUFKURPDWRJUDSKLH ô HL ï 7UHQQV\VWH ú ] ûüð6ï WZLFNHOQ ô X ú ZDVVHUO|VOLF ýð
7HWUDNLVVXOIRQDWRSKHQ\OSRUSK\UL ïðGûïò^òð U ð6ï 0HWDOONRPSOH[ ð ] û UHLQLJHQ
$EEDXSURGXNWH ôþö ULVXOIRQLHUWH ó 3RUSK\UL ï?û Q ò?ð L ï 6WHOOXQJVLVRPH õ GH ó WHWUDVXO
IRQLHUWH ï 3RUSK\ULQV ô GD óß6ïæð LQH ú 3KHQ\OULQ ñ L ï PHWD3RVLWLR ï VXOIRQLHU ö ZDU
ZXU òð6ï Y ÷6ïŁòð6ú +DXSWSURGXN ö  DEJHWUHQQ öªûïò LGHQWLIL]LHU öUù ¢ï ZHLWHU ð6ï 8QWHU
VXFKXQJ ð6ï ZXU òð?òð6õ 6XOIRQLHUXQJVJU ßò YHUVFKLHGHQH õ 5HDNWLRQVDQVlW] ð?òðó
7HWUDNLVVXOIRQDWRSKHQ\OSRUSK\ULQ ó YHUJOLFKHQ ù ( ó ]HLJW ð VLFK ô GD  HL ïð 6XO
IRQLHUXQ ñ L ï NRQ]HQWULHUWH õ 6FKZHIHOVlXU ð PL ö 2OHXP=XVDW  EH  HLQH õ 7HPSHUD
WX õ Y ÷6ï  ø GL ð JU|W ð $XVEHXW ð°ß6ï WHWUDVXOIRQLHUWH ú 3URGXN ö OLHIHUWH ù 'L ð *H
VDPWDXVEHXW ð ZXU òðGß XIJU ûïòfòð6õ KlUWHUH ï 5HDNWLRQVEHGLQJXQJ ð6ï^òß JH ñﬁðEï
JHULQJHU ù 'L ð $EEDXSURGXNW ð OLH ð6ï VLF ý MHGRFK EH 
	HW]WHUH ú 9HUIDKUH ï JXW
DEWUHQQHQ
, ú OHW]W ð6ï 7H  	 GH õ $UEHLWZXU òð6ï L ï .RRSHUDWL ÷6ï PLW'U ù 7UDQ7K  D ú &RPPLVVD
ULD ö O(QHUJL ð $WRPL  EH  3DUL ó +HWHURDJJUHJDWLRQVUHDNWLRQH ïæð UIRUVFK öUù +LHU
EH  JHODQ ñ H ó HUVWPDO ó GXUF ý VSHNWURPHWULVFK ð 7LWUDWLRQHQ ô $JJUHJDW ð ]ZLVF ýð6ï
GH ú DQLRQLVFK ð6ï 0HWDOOSRUSK\ULQD ö D XQ ò°ò H ú NDWLRQLVFK ð6ï &REDOWSRUSK\UD]L ï
>&RWPWS\S]@    L ï :DVVH õ ] ûLð U]HXJHQ ù 1 ðð6ï GH õ %LOGXQ ñ HLQH õ '\DG ð
D NRQQWH ï YHUVFKLHGH ïð 7ULD òð6ï   D ûïò D LGHQWLIL]LHU ö ZHUGHQ
'XUF ý )OXRUHV]HQ]WLWUDWLRQH ï JHODQ ñ HV ô HLQ ð 7UL ßòð GH õ )RU ú DD QDFK]X
ZHLVHQ ù ( ó ZXU òðIð L ï 0HFKDQLVPX ó I õ GL ð %LOGXQJVUHDNWLR ïð6ï X ïò *OHLFKJH
ZLFKWVV\VWHP ðGòð6õ $JJUHJDW ð IRUPXOLHU öUù (L ïð $JJUHJDWL ÷6ï^ò LHVH õ 3DUWQH õ L ï
'06  NRQQW ð ð HQVRZHQL ñ ZL ð ð L ïð $JJUHJDWL ÷6ï ]ZLVF ýð6ï D XQ ò
>&RSFWHWPS\@    L ï '06  EHREDFKWH ö ZHUGHQ ù 'XUF ý %HVWUDKOXQ ñ GLHVH õ
$JJUHJDW ð L ïß UJRQKDOWLJH õ /|VXQ ñ NRQQW ðæð L ï ZlKU ð6ïòæòð6õ 7LWUDWLR ïð6ïð UNHQQ
EDUH õ /DGXQJVWUDQVIH õ YR ú $OXPLQLXPSRUSK\ULQD ö ]X ú &REDOWSRUSK\UD]L ïhï LFKW
JHVWHLJHU ö ZHUGHQ ù  Q ZHLWHU ð6ï 7LWUDWLRQH ï ZXU òð6ï '\DGHQ ô 7ULDGH ïû Q ò 7HWUD
òð6ïiß6ûó  XQG E E]Z ù F L ï?ß6ïß ORJH õ :HLV ðàð U]HXJ öUù 'DJHJ ð6ï NRQQW ð6ïð
7LWUDWLRQH ï Y ÷6ï H XQ ò J PL ö  NHLQ ð %LOGXQJ ð6ï Y ÷6ï $JJUHJDW ð6ï EHREDFKWHW
ZHU òð6ï V ù .DSLWH 	  ù 1HE ð6ïBòð6õ XQWHUVFKLHGOLFKH ï $Q]DK 	 XQ ò $U ö GH õ $[L
DO/LJ ß6ïòð6ï VFKHLQ ö YR õ DOOH ú GL ðßò XQ ñ GH ó =HQWUDOPHWDOO ó HLQH ï (LQIOX  DX
GL ð %LOGXQ ñ Y ÷6ï $JJUHJDW ð6ï L ï YHUGQQWH õ /|VXQ ñ ] ûð VLW]HQ
([SHULPHQWHOOH ﬀ 7HLO

 ([SHULPHQWHOOH ﬁ 7HLO
 9HUZHQGHW ﬂ *HUlWH
'L ﬃ (OHNWURQHQDQUHJXQJVVSHNWU ﬃ ZXUGH  PL  G ﬃ 6SHNWUDOSKRWRPHWHU  +HZ
OHWW3DFNDUG + ! " Ä'L #$ﬃ $UUD\³ % %UXLQV,QVWUXPHQWV 2PHJ &('*) XQ $ 3HUNL +
(OPHU /DP ,-$&  ! JHPHVVHQ . 'L ﬃ TXDQWLWDWLY ﬃ 899LV6SHNWUH  ZXU $ﬃ/&0
]ZHLWJHQDQQW ﬃ *HUl  DXIJHQRPPHQ . 'L ﬃ $XVZHUWXQ 1 GH ﬀ JHPHVVHQH  6SHNW
U ﬃ2ﬃ UIROJW ﬃ PL  GH  3URJUDPP ﬃ 63(&75" &$/ 3 *DODFWL 4 ,QGXVWULH 5 &RRSH
UDWLRQ 687-$ 2ULJL  0LFUR&D 9 6RIWZDU : ,QF . 'L ﬃ )OXRUHV]HQ]VSHNWU ﬃ ZXU $ﬃ;&
HLQH 0 7LGDV)OXRURPHWH ﬀ GH ﬀ )LUP & -	0 < $QDO\WLVF =>: 0H 5*5 XQ ? 5HJHOWHFKQL @
*PE+ $DOHQ 6 PL  GH 0 3URJUDP 0 )OXRUR6F & )O A DXIJHQRPPHQ . 'L ﬃ
4XDQWHQDXVEHXW ﬃ ZXU $ﬃ PL  2ULJL  0LFUR&D 9 6RIWZDU : ,QF 6 EHUHFKQHW
6SHNWUDOSKRWRPHWULVFK ﬃ 7LWUDWLRQH  XQ $ VSHNWURHOHNWURFKHPLVF B-ﬃ 8QWHUVXFKXQ
J ﬃ(ﬃ UIROJW ﬃ D (ﬃ LQH 0 6SHNWUDOSKRWRPHWH ﬀ 3HUNL + (OPHU /DPEG &/C)) PL  GH ﬀ
6RIWZDU ﬃ 8 DFEC)) ZLQO &, L  6DFOD G )UDQNUHLFK . $O H $UEHLWVHOHNWURGH $ LHQWH 
HL -ﬃ *ODVNRKOHQVWRIIHOHNWURGH % DO H *HJHQHOHNWU #$ﬃIﬃ L  3ODWLQGUDKW . $OO ﬃ 3RWHQWL
DO ﬃ ZXU $ﬃ DXJ HLQ ﬃK1 HVlWWLJW ﬃ .DORPHOHOHNWURG ﬃ EH]RJHQ . )OXRURPHWULVFK ﬃ
7LWUDWLRQH (ﬃ UIROJW ﬃ D (ﬃ LQH 0 )OXRURPHWH ﬀ 6SH L )OXRURORJ 'Mﬃ EHQIDOO H L  6DF
OD\
,QIUDURWVSHNWUH  ZXU $ﬃ PL  HLQH 0 1LFROH  N03$& O  )) )7,56SHNWURPHWH ﬀ D 
.%U3UHOLQJ ﬃ L 0 %HUHLF B Y #QP)))R, L H  ) FP S T DXIJHQRPPH  X -$ PL  GH 0
3URJUD 00 2PQL U 1LFROH V $QDO\WLFD 9 ,QVWUXPHQWV 6 DXVJHZHUWH  W. 'L ﬃ $XIQDKP ﬃ
GH ﬀ 0DVVHQVSHNWU ﬃ HUIROJW ﬃ PL  G ﬃ *HUlWH 2$ﬃH 7\S H 9DULDQ 0$7" XQ $
(VTXLU ﬃXE & % %UXNH Y 	 )UDQ] :Z+ *PE+ %UHPHQ 6 L 0 $UEHLWVNUHL H Y # 3URI . 'U
9HLW B D 0 ,QVWLWX  [J  ﬀ 2UJDQLVF B-ﬃ &KHPLH . =X ﬀ ,RQLVLHUXQ 1 ZXU $ﬃ$ L ﬃ )HOGGH
VRUSWLRQV XQ $ I ﬀ ZDVVHUO|VOLF B-ﬃ 3RUSK\UL -ﬃ\$ L ﬃ (OHNWURVSUD\,RQLVDWLRQ
0HWKRG ﬃ]& JHZHQGHW . 'L ﬃ $XIQDKP ﬃ]$ﬃﬀ .HUQUHVRQDQ]VSHNWU ﬃ> HUIROJW ﬃ D 
HLQH 0 %UXNH ﬀ : ^  VRZL ﬃ_&Mﬃ LQH 0 %UXNH ﬀ $5 `Fa)) 6SHNWURPHWH ﬀ GH H ,Q
VWLWXW H I ﬀ 2UJDQLVF B-ﬃ &KHPLH
'L ﬃ $QIHUWLJXQ 1 GH ﬀ (OHPHQWDUDQDO\V ﬃﬃ UIROJW ﬃ L 0 0LNURDQDO\WLVFK ﬃMEb& ERUDWR
ULX 0 GH H ,QVWLWXW H I ﬀ 2UJDQLVF B-ﬃ &KHPL ﬃQ7b$ L  G ﬃ Ä$QDO\WLVF B-ﬃ /DERUDWRUL ﬃ
0DOLVV &c7-$ 5HXWH ﬀ *PE+³ % /LQGODU 'L ﬃ 7KHUPRDQDO\V ﬃ ZXUGH  L 0 $UEHLWV
([SHULPHQWHOOH d 7HLO

NUHL e .QLH fhg H e ,QVWLWXW e I d $QRUJDQLVFK i &KHPL i DQJHIHUWLJ jWk 8OWUDILOWUDWLRQH l
ZXU gil PL j HLQH d 5KU]HOO i 0RGH m m  nnpolbg 'LDIORZ8OWUDILOWHU l <0 q  rts PP u
GH d )LUP v $PLFR l GXUFKJHIKUW
'L ixwbi LWIlKLJNHLWH l ZXU gil PL j HLQH y 0HJHUl j 7\ fz|{  } PL j GH d 0H]HOO i
& ~  }2 GH d )LUP v 7DFXVVHO /\RQ  )UDQNUHLFK u EHUSUIW
) d GL i $XIQDKP i GH d F\FOLVF -il 9ROWDPPRJUDPP i &9 u ZXU gil ]ZH  FRPSX
WHUJHVWHXHUW i 3RWHQWLRVWDW i 0  XQ g  GH d )LUP v 3ULQFHWR  $SSOLH  5H
VHDUFK HLQJHVHW] jWk 'L iXi OHNWURFKHPLVF -il 'DW il ZXU gil PL j GH d 6RIWZDU i~

rn  n 9HUVLR lŁ  qŁol-gQ  qgi U JOHLFKH l )LUP v(vo VJHZHUWH jWk ( e ZXU gi(i LQ i
KDQGHOVEOLFK i 0H]HOO iŁgid )LUP v 0HWURKP HLQJHVHW] jWk 'L iI-i 5DXPWHPSHUD
WX d JHPHVVHQH l 3RWHQWLDO i ZXU gilv X HLQ i PL j .DOLXPFKORUL g JHVlWWLJW i .DOR
PHO(OHNWUR gi ,QJROG u EH]RJHQ k $O e $UEHLWVHOHNWURG i ZXU gi I d 0HVVXQJ il L l
RUJDQLVF -il /|VXQJVPLWWHO li L l-i 3ODWLQNQRSIHOHNWURG i %HFNPDQ uol-g L l ZlUL
J ilwb VXQJVPLWWHO lQi L l-i *UDSKLWHOHNWUR gi(i LQJHVHW] jWk $O e *HJHQHOHNWU gi ZXU
gi L l-i LG il )lOO il HL l-i 3ODWLQEOHFKHOHNWUR gi 0HWURKP u YHUZHQGH jWk %H  GH d
$XIQDKP i GH d F\FOLVF -il 9ROWDPPRJUDPP i L l 6DFOD  ZXU gii-i QIDOO e HLQ i
*UDSKLWHOHNWURG i 7DFXVVHO  /\RQ u YHUZHQGH jWk $O e *HJHQHOHNWURG ig LHQW i HL l
3ODWLQGUDK j DO e 5HIHUHQ]HOHNWU gii L l-i JHVlWWLJW i .DORPHOHOHNWURGH
(OHNWURSKRUHWLVFK i 8QWHUVXFKXQJ il ZXUGH l PL j HLQH d +RUL]RQWDOJHOHOHNWURSKR
UHVH$SSDUDWX d 'HVDSKR d +   n G i )LUP v 'HVDJ  +HLGHOEHUJ u GXUFKJHIKUW k
$O e 6SDQQXQJVTXHOO i ZXU giQi L l 6SDQQXQJVYHUYLHOIDFKH d 0RGH m m 3KHURJU vfŁrb
9HWWH  .* 6W/ il 5RW u YHUZHQGHW
) d SUlSDUDWLY i 6WRIIWUHQQXQJ il ZXU gii LQ i +3/&$QODJ igid )LUP v 0HUFN
+LWDFKL YHUZHQGHW k 'LHV i -i VWDQ g DX e HLQH y ELQlU i>l +RFKGUXFN
*UDGLHQWHQSXPSHQ6\VWH yy L j ]ZH  3XPSH lpgid )LUP v 6HSWHF  0HUFN u GH e
7\S e 1RYDSU if 67  HLQH y 0LNURSUR]HVVR d *3 nnol-gi LQH y &KURPD
,QWHJUDWR d ' k $O e 'HWHNWR d ZXU gii L l 899LV'HWHNWR d / ngid )LUP v
0HUFN+LWDFKL YHUZHQGHW(L l-i 7UHQQVlXO i /L&KURVSKH d 5 q*}  q*n PP
>
P yu GH d )LUP v 0HUFN HQWKLHOWGL i VWDWLRQlU i 3KDVH
([SHULPHQWHOOH   7HLO

 9HUZHQGHW ¡ &KHPLNDOLHQ
'L ¢ 'DUVWHOOXQ £ GH ¤ 7HWUDNLVVXOIRQDWRSKHQ\OSRUSK\ULQ ¤ HUIROJW ¢ QDF ¥ HLQH  
L ¦ $UEHLWVNUHL ¤ EOLFKH § 0HWKR ¨¢ VLHK ¢ .DSLWH ©  X §-¨  ª 9HUVXF ¥¬«*­>® DX ¤
7HWUDSKHQ\OSRUSK\UL § 6SHQ ¨¢¨¢  'HJXVVD ª +DQDX ¯ °±° ²
'L ¢ L ¦ IROJHQGH §h³ XIJHIKUW ¢§ &KHPLNDOLH § ZXU ¨¢§ Y ´§h¨¢§ L § .ODPPHU § DQ
JHJHEHQH § )LUPH § EH]RJHQ
$JDURVH ª $OXPLQLXPDFHW\ODFHWRQD µª $PHLVHQVlXUH ª $QWLPRQWULFKORULG ª $OXPLQL
XPWULFKORULG ª %LVWULSKHQ\OSKRVSKRUDQ\OLGHQDPPRQLXPFKORULG ª %URP ª 'LFKORU
PHWKDQ ª 'LPHWK\OIRUPDPLG ª 'LPHWK\OVXOIR[LG ª *O\FLQ ª .DOLXPFKORUL ¨¶ D .DOL
XPKH[DIOXRURSKRVSKDW ª .DOLXPK\GUR[LG ª 1DWULXPK\GUR[LG ª 3KHQRO ª 3\ULGLQ ª 6
%HQ]\OLVRWKLRKDUQVWRIIK\GURFKORULG ª 6FKZHIHOVlXU ¢ NRQ] ª 7HWUDEXW\ODPPRQL
XPEURPLG ª 7HWUDEXW\ODPPRQLXPKH[DIOXRURSKRVSKDW ª 7HWUDEXW\ODPPRQLXP
WHWUDIOXRURERUD µª 7ULVK\GUR[\PHWK\ODPLQRPHWKDQ ª 7ULW ´§ ; ª =LQQGLFKORULG
GLK\GUD µ )OXND ª %XFK ¤I· 6FKZHL] ¸ $OXPLQLXPSKHQR[LG ª *DOOLXPWULFKORULG ª *HU
PDQLXPWHWUDFKORULG ª ,QGLXPWULFKORUL ¨ $OI ¹ $HVDU ª .DUOVUXKH ¸ $QWLPRQSHQWDFKOR
ULG ª $FHWRQ ª $OXPLQLXPWULFKORULG ª %RUVlXUH ª .DOLXPGLK\GURJHQSKRVSKDW ª 0HWKD
QRO ª 1DWULXPFDUERQD µª 1DWULXPFKORUL ¨ ¶ D º»ª 1DWULXPK\GURJHQSKRVSKDW
'RGHFDK\GUD µª 1DWULXPK\GUR[LG ª 1DWULXPSHUFKORUDW0RQRK\GUD µª  ¼½¼ DWURQODX
JH ª 6DO]VlXU ¢p¾¿  ª  ¼ 6DO]VlXUH ª 6FKZHIHOVlXU ¢ UDXFKHQ ¨  ­  ª 6FKZHIHO
VlXU ¢ UDXFKHQG ª =LWURQHQVlXUH0RQRK\GUD µ 0HUFN ª 'DUPVWDGW ¸ $UVHQWULFKOR
ULG ª =LQQSXOYH  QÀ $OGULFK ª 6WHLQKHLP ¸ 6FKZHIHOVlXU ¢ NRQ] ®QÀ $FUR Á 2UJDQLFV
1LGGHUDX ¸ 'LFKORUPHW ¥-³§ 5LHGHO ÂÃ +DHQ ª 6LJPD$OGULF ¥ &KHPL ¢ *PE+ ª 'HL
VHQKRIHQ
)   105([SHULPHQW ¢ NDP ¢§ IROJHQG ¢ GHXWHULHUW ¢QÄbÅ VXQJVPLWWH © ]X ¦ (LQVDW]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